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Comparison of clinical safety and
feasibility between reduced-port
laparoscopic radical gastrectomy
and conventional laparoscopic
radical gastrectomy:

A retrospective study

Liang Wang", Yingfang Deng®, Su Yan', Xinfu Ma', Cheng Wang',
Wei Miao' and Xiaogian Chen'

'Gastrointestinal Oncology Surgery, Affiliated Hospital of Qinghai University & Affiliated Cancer
Hospital of Qinghai University, Xining, China, >Medical-Oncology, Affiliated Hospital of Qinghai
University & Affiliated Cancer Hospital of Qinghai University, Xining, China

Background: Traditional open gastric cancer surgery has evolved from porous to
reduced-hole, single-hole, or even natural cavity surgery to laparoscopic
surgery, due to the continuous development of minimally invasive concepts
and medical technologies, as well as awareness for the concept of rapid
recovery. Conventional laparoscopic radical gastrectomy is quite mature in age
at the moment, but how to progress to minimally invasive surgery without
increasing the difficulty of surgery while ensuring clinical safety and feasibility
is worth further investigation. Therefore, the clinical safety and feasibility of
reduced port laparoscopic radical gastrectomy were assessed in this study.
Methods: Information on the clinical data of patients undergoing laparoscopic
radical gastric cancer surgery in a single centre between May 2020 and May
2022 was collected, and a total of 232 patients were included in this study
according to the study protocol design. The clinical data of 232 patients with
gastric cancer treated by two different surgical methods, namely, reduced
port laparoscopic surgery (RPLS) or conventional laparoscopic surgery (CLS),
were retrospectively analysed. The intraoperative indices, postoperative
pathological indices, and short-term postoperative complications (within 30
days) of the two different surgical methods were evaluated, as well as the
surgical methods’ feasibility and short-term postoperative recovery effect.
Results: There was no significant difference between the general data of patients
with RPLS and CLS (P>0.05). Compared with CLSG, the operation time,
digestive tract reconstruction time and lymph node dissection time of RPLSG
are shorter. The intraoperative blood loss was less, and the incision was
minimally invasive (P<0.05). In the short-term postoperative effect, the level
of white blood cell count on the first day, the time of getting out of bed, the
time of removing drainage tube, the time of hospitalization and the VAS of
pain on the first, third and fifth days after operation, RPLSG was obviously
superior to CLSG (P<0.05). There was no significant difference between

Abbreviations

ASA, American Society of Anaesthesiologists; CLS, conventional laparoscopic surgery; RPLS, reduced port
laparoscopic surgery; SILS, single-incision laparoscopic surgery; NOSES, Natural orifice specimen
extraction surgery; SSI, Surgical-site infection.

frontiersin.org


http://crossmark.crossref.org/dialog/?doi=10.3389/fsurg.2022.995194&domain=pdf&date_stamp=2020-03-12
https://doi.org/10.3389/fsurg.2022.995194
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fsurg.2022.995194/full
https://www.frontiersin.org/articles/10.3389/fsurg.2022.995194/full
https://www.frontiersin.org/articles/10.3389/fsurg.2022.995194/full
https://www.frontiersin.org/articles/10.3389/fsurg.2022.995194/full
https://www.frontiersin.org/articles/10.3389/fsurg.2022.995194/full
https://www.frontiersin.org/articles/10.3389/fsurg.2022.995194/full
https://www.frontiersin.org/journals/Surgery
https://doi.org/10.3389/fsurg.2022.995194
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

Wang et al.

10.3389/fsurg.2022.995194

RPLSG and CLSG in terms of pathological indices (P> 0.05).

Conclusions: The treatment of gastric cancer with RPLS has good safety, feasibility and
short-term postoperative effects, which is in line with the implementation of the
modern concept of rapid rehabilitation surgery.

KEYWORDS

conventional laparoscopic

surgery, reduced port laparoscopic surgery, single-incision

laparoscopic surgery, natural orifice specimen extraction surgery, gastric cancer

Introduction

The laparoscopic technique has been gradually utilized in the
surgical treatment of early gastric cancer since the application of
laparoscopic-assisted radical resection of regional gastric cancer
was first reported in 1994 by Kitano et al. (1). Research results
of JLSSG-0901 (2) in Japan, KLASS-02 (3) in South Korea and
Class-01 (4) in China indicated that laparoscopic radical
gastrectomy for locally advanced gastric cancer by professional
surgeons did not increase major surgical complications (5, 6).
Laparoscopic magnification technology not only enables
viewing of fine structures in the vascular system, nerve and
fascia in detail, but with the development of endoscopic
technology, this further allows the operator to have a special
advantage in the clear identification of each anatomical level
during the operation. Compared with traditional open surgery,
laparoscopic surgery is associated with less pain, less blood loss,
a more beautiful incision, fewer inflammatory reactions, faster
recovery of gastrointestinal function and shorter hospital stays
(7). A consensus, it is widely used in surgical treatment.
Conventional laparoscopic surgery (CLS) is mostly conducted
by the 5-port method. However, single-incision laparoscopic
surgery (8) (SILS) is a single incision of approximately 4 cm (9)
through the natural folds of the umbilical region that is placed
in a single-port operating platform. The operation is completed
through multiple channels on the platform, and it is mostly
used for gallbladder and appendix operations (10, 11). Reduced
port laparoscopic surgery (RPLS), on the other hand, is based
on a single incision through the navel, similar to SILS, and a
12 mm trocar hole is added to the left upper abdomen, through
which the abdominal drainage tube can be placed after surgery.
The clinical data of 232 gastric cancer patients who met the
research plan were retrospectively compared in this study, and
the clinical safety and feasibility of laparoscopic radical
gastrectomy with a reduced port were assessed.

Materials and methods
Patients

Information on the clinical data of patients undergoing
laparoscopic radical gastric cancer surgery in a single centre
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between May 2020 and May 2022 was collected, and a total of
232 patients were included in this study according to the
study protocol design, with 176 male patients and 56 female
patients and an average age of 57.57 + 10.04 years. They were
divided into two groups: CLS (n=116) and RPLS (n=116).
The Ethics Committee of Qinghai University’s Affiliated
Hospital approved the study (approval letter ethics batch
number: P-SL-20190003), and the patients and their families
signed an informed consent form. All of the operations were
performed by the same surgical team.

Inclusion and exclusion criteria

Inclusion criteria were: (1) Age 18-80 years; (2) Before
operation, diagnosis was confirmed by pathological biopsy
with an ultrasonic gastroscope, and the location and clinical
stage of the lesion were further confirmed by contrast-
enhanced CT examination of the stomach; (3) Preoperative
imaging examination excluded distant metastasis to the liver,
lung and other organs; (4) The pathological diagnosis after
laparoscopic radical gastrectomy was RO resection; and (5)
Complete clinical data.

Exclusion criteria were: (1) Stage T4b tumour, preoperative
existence of fusion lymph nodes, or distant metastasis of
tumour; (2) Emergency surgical treatment for complications
such as gastric bleeding and perforation before operation; (3)
Palliative treatment or conversion to laparotomy during
operation; (4) Neoadjuvant chemotherapy before operation;
and (5) Incomplete clinical data.

Operation method and postoperative
treatment

The operation methods and postoperative treatment measures
were explained to the patients in detail before the operation.
According to the patients’ wishes, the CLSG (conventional
laparoscopic surgery group) or the RPLSG (reduced port
laparoscopic surgery group) was freely chosen, and the consent
form was signed for the selected operation. The scope of gastric
resection and lymph node dissection were all implemented
according to the provisions of the «Fifth Edition of Japanese
Gastric Cancer Treatment Guidelines» (10). The CLS is laid out
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in the conventional five-port method, with a 1-cm-long arcing
port along the inferior border of the umbilicus. A 12 mm trocar
and a 5 mm trocar were placed 2 cm below the intersection of
the anterior axillary line and the rib arch on each side. A
10 mm trocar and a 5mm trocar were placed at the
intersection of the horizontal Line 2 cm above the umbilicus
and the lateral border of the rectus abdominis muscle. For
RPLS, a 3-5cm long curved incision was made around the
umbilicus at the natural fold of the umbilicus, and a single-port
operating platform was placed into the abdominal cavity layer
by layer. A 12-mm trocar was then placed 2 cm below the
intersection of the patient’s left midclavicular line and rib
margin. The layout of the surgical puncture port in both groups
is shown in Figures 1A,B. The patient was placed in a supine
split-legged position intraoperatively, as shown in Figure 1C.
The postoperative abdominal wall incision of the RPLSG patient
is shown in Figure 1D. For CLS operator position: The main
knife is located on the left side or between the legs of the
patient, the first aid is located on the right side of the patient,
and the laparoscopic assistant is located between the legs or on
the right side of the patient. For RPLS operator’s position: The
main knife is located between the legs of the patient, and the
laparoscopic assistant stands on the right side of the patient.

Observation index

General information: sex, age, body mass index, American
Society of Anaesthesiologists (ASA) grade, previous
abdominal surgery history, tumour length and diameter,
tumour location, and tumour differentiation degree;

Intraoperative indicators: operation time, digestive tract
reconstruction  time, lymph node dissection time,
intraoperative blood loss, and total length of abdominal incision;

Postoperative pathological indices: the total number of lymph
nodes, the positive number of metastatic lymph nodes, the
distance of the oral margin, the distance of the anal
margin, and pT stage, pN stage and pTNM stage.

Postoperative recovery: laboratory test indices, postoperative
time to getting out of bed, postoperative exhaust time,
postoperative intake of liquid diet time, drainage tube removal
time, postoperative hospitalization time, visual analogue scale
(VAS) on the 1st, 3rd and 5th postoperative days;

Postoperative safety indicators: Complications include
anastomotic leakage, anastomotic bleeding, pulmonary
infection, incision-related complications and pancreatic
fistula (Clavien-Dindo Grades II and III) (12).

Statistical analysis

SPSS 25.0 statistical software was used to analyse the data.
When the measurement data were in accordance with the
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normal distribution, the ¢ or t test of two independent
samples was used and expressed by (X+S); when it did not
conform to the normal distribution, the rank sum test was
used and expressed by M (Q,—Qy). The qualitative data were
tested by the X* test. When P<0.05, the difference was
considered statistically significant. GraphPad Prism 7.00
software was used for statistical graphs.

Results
Preoperative general information

According to the research plan, 232 patients with gastric
cancer were included in this study, with 116 patients in the
CLSG, including 86 males (74.13%) and 36 females (25.87%),
with an average age of 56.76 + 9.37 years old. In addition, 116
patients were in the RPLSG, including 90 males (77.58%) and
26 females (22.42%). The average age for the RPLSG was
58.39 +10.65 years old. Statistical analysis showed that there
was no significant difference in sex ratio or age between the
two groups. Moreover, there was no significant difference
between the two groups in BMI (body mass index), ASA
(American Society of Anaesthesiologists score) grade, history
of previous abdominal surgery, tumour major axes, tumour
minor axes, tumour location, or degree of differentiation (see
Table 1).

The time of RPLS is shorter, the amount
of blood loss is less, and the incision is
less invasive

No patients were converted to laparotomy after undergoing
laparoscopic radical gastrectomy for gastric cancer in either
group. The operation was completed successfully by all 116
RPLS patients, with no additional puncture holes required.
The comparison of intraoperative indices between the two
groups showed that RPLSG was shorter than CLSG in
operation time (Figure 2A), digestive tract reconstruction
time and lymph node dissection time (P <0.05). Compared
with CLSG in intraoperative blood loss and total length of
abdominal incision (all trocar puncture sites and auxiliary
incisions are included), RPLS was significantly more
minimally invasive (P < 0.05) (Figures 2B,C) (see Table 2).

RPLS can achieve the same radical effect
as CLS

In terms of postoperative pathological indices of the two
groups, we found that there was no statistical significance in
the total number of lymph nodes obtained, positive number
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(A) the layout of the surgical puncture port of CLS; (B) the layout of the surgical puncture port of RPLS; (C) intraoperative incision position of RPLS;
(D) postoperative abdominal wall incision after RPLS.

130

. Main operating hole |

L&)

multi-channel puncture device \

of metastatic lymph nodes, distance of oral margin, distance of
anal margin, pT stage, pN stage or pTNM stage (P > 0.05) (See
Table 3).

RPLS can reduce postoperative
inflammatory reactions and pain and can
accelerate the postoperative recovery of
patients

In terms of postoperative recovery, there were statistically
significant differences between the two groups in the levels of
white blood cell count measured on the first day, albumin
measured on the third day, postoperative bed time,
postoperative exhaust time, postoperative feeding time,
drainage tube removal time, postoperative hospitalization time
and VAS score at one day, three days, and five days after
operation (P < 0.05) (Figures 3A-C). However, there was no
significant difference in white blood cell count, haemoglobin

Frontiers in Surgery

or total bilirubin on the third and fifth days (P >0.05) (See
Tables 4, 5).

RPLS has the same security as CLS and
can reduce the occurrence of SSI

In terms of postoperative safety indicators, there was no
significant difference in the incidence of anastomotic leakage,
anastomotic bleeding or pulmonary infection between the two
groups (P> 0.05), but there were significant differences in the
incidence of incision-related complications and pancreatic
fistula (P < 0.05) (Figure 4) (See Table 6).

Discussion

With the increasing development of minimally invasive and
standardized surgery, laparoscopic surgery has evolved from

frontiersin.org
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TABLE 1 Preoperative patient demographic information.

10.3389/fsurg.2022.995194

TABLE 2 Intraoperative correlation index.

CLSG RPLSG  P-value CLSG RPLSG p-
(n =116) (n =116) (n=116) (n=116) value
Age (years) 56.76 +9.37 58.39 +10.65 0.220 Operation Time (min) 275 (240-300) 240 (210-280) 0.002
Gender (%) Digestive tract reconstruction 80 (70-100) 70 (60-80) 0.001
Male 86 (74.13%) 90 (77.58%) 0539 time (min)
Female 30 (25.87%) 26 (22.42%) Lymph node dissection time 200 (170-220) 170 (140-190) 0.001
’ ’ (min)
BMI (kg/m?) 23.11 (20.20-25.58) 22.06 (20.00-24.42)  0.067
Intraoperative bleeding volume 50 (30-50) 10 (10-50) 0.001
ASA grade (%) (ml)
I 4 (3.44%) 9 (7.75%) 0.194 Total length of abdominal 8.60 (8.40-8.90)  5.40 (5.20-5.60)  0.001
II 85 (73.27%) 74(63.79%) incision (cm)
I 27 (23.29%) 33 (28.46%)
History of previous
abdominal surgery (%) invasive surgery is to provide a painless and scar-less surgical
No 70 (60.34%) 83 (71.55%) 0.09% approach (14). In terms of cosmetology and accelerated
Yes 46 (39.66%) 33 (28.45%) rehabilitation surgery, a large number of literature reports (15,
Tumour major axes (cm)  3.50 (3.00-4.00) 3.00 (2.52-3.90) 0.066 16) show that laparoscopic radical gastrectomy is superior to
Tumour minor axes (cm)  3.00 (2.00-3.00) 2.40 (1.90-3.00) 0073 open surgery. Traditional laparoscopic radical gastrectomy for
Tumour location (%) gastric cancer uses a five-port method with or without liver
Upper 1/3 of the 36 (3L03%) 32 (27.58%) 0221 suspension, and gastric dissociation, lymph node dissection,
stomach and digestive tract reconstruction are completed with the help
Middle 1/3 of the 28 (24.13%) 40(34.48%) of assistants. Omori et al. (15) were the first to report the use
stomach of single-port laparoscopic radical gastrectomy for early distal
Lower 1/3 of the 52 (44.84%) 44 (37.94%) gastric cancer in 2011. However, because of the lack of
stomach triangular positioning between the surgical instruments and
Degree of differentiation (%) the abdominal lens, coaxial effects easily occur, which limits
Highly differentiated 10 (8.62%) 5 (4.31%) 0.270

Intermediate 32 (27.58%) 40 (34.48%)

differentiation

Low differentiation 74 (63.80%) 71 (61.21%)

multiport to reduced-port, single-port, and even natural orifice
specimen extraction surgery (NOSES) (13). The progression of
minimally invasive surgery technology is the result of the
combined advancement of surgical

concepts,  surgical

instruments, and surgical techniques. The aim of minimally

the operating range of the surgical area and causes rear-end
collisions between surgical instruments—not only increasing
the operation difficulty but also placing higher demands on
the supporting surgical team (17). Simultaneously, more
clinical trials are required to confirm the curative effect of
oncology, lymph node dissection, and digestive tract
reconstruction. As a result, single-port laparoscopic radical
gastrectomy development is limited, and it is more frequently
used in simple operations such as cholecystectomy and
appendectomy (18-21). In contrast, RPLS uses an additional

12-mm poking port 2 cm below the intersection of the left

" 1
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FIGURE 2

(A) operation time of different surgical methods; (B) effect of different surgical methods on perioperative bleeding; (C) effect of different surgical
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midclavicular line and the rib margin as the main operating port
of the main knife minus the two holes of the assistant, based on
the SILS. This method can facilitate the clearance of regional
lymph nodes in the suprapancreatic region and the splenic
hilar region, while overcoming the operational drawbacks
associated with single-port laparoscopy. At the same time, it
can be used to place the abdominal drainage tube without
making another abdominal incision, which reduces damage to
the abdominal wall blood vessels and nerves, not only
improving surgical safety but also balancing the relationship
between surgical safety and minimally invasive surgery. As a

TABLE 3 Postoperative pathological indices.

10.3389/fsurg.2022.995194

result, some surgeons will attempt to use RPLS with
laparoscopic assistance to complete gastric dissociation, lymph
node dissection, and digestive tract reconstruction.

Although CLS is less difficult than RPLS and should take less
time in operation, digestive tract reconstruction, and lymph node
dissection, the results of this study show that RPLS takes less time
in operation, digestive tract reconstruction, and lymph node
dissection, contradicting conventional knowledge. The absence
of the trocar incision in RPLS may lead to an increase in the
difficulty of the procedure and a prolongation in time of the
procedure. When an RPLS surgeon has completed the RPLS
learning curve and their surgical technique and proficiency
have improved, the precision of intraoperative operations will
be increased. At the same time, the surgeon can complete

CLSG RPLSG P- e . . L
astric dissociation, lymph node dissection, and digestive tract
(n=116) (n=116) value § ) ) ymp ) ) 8
reconstruction with the help of a laparoscopic assistant, and the
Total number of lymph 3443 +15.07 35.06 + 13.03 0.734 coordination of one person’s actions is better than that of the
nodes obtained assistant’s, which is one of the main reasons for shortening the
Number of positive lymph ~ 1.00 (0.00-7.00)  1.00 (0.00-7.00)  0.949 operation time, digestive tract reconstruction time, and lymph
node metastases
Mouth-side margin distance 2.50 (1.50-4.00) 2.50 (1.00-4.50) 0.394
(cm) TABLE 4 Postoperative recovery index.
Anal margin distance (cm) 3.75 (2.00-6.00)  3.65 (2.00-6.00)  0.728 CLSG RPLSG p-
Staging of pT (%) (n=116) (n=116) value
pT stage 16 (13.79%) 20 (17.24%) 0.443
Postoperative bedtime (h) 48.00 24.00 0.001
PT, stage 26 (22.41%) 23 (19.82%) (24.00-48.00) (24.00-24.00)
PT; stage 51 (43.96%) 42 (36.20%) Postoperative time to 72.00 48.00 0.001
PT, stage 23 (19.84%) 31 (26.74%) exhaustion (h) (48.00-72.00) (48.00-72.00)
Staging of pN (%) Postoperative feeding time (d) 9.00 8.00 (6.00-9.00) 0.002
PN, stage 53 (45.68%) 50 (43.10%) 0172 (7.00-10.00)
PN, stage 13 (11.20%) 25 (21.55%) Drainage tube removal time (d) 10.00 8.00 0.001
(8.00-12.00) (5.00-11.00)
PN, stage 17 (14.65%) 12 (10.34%)
Postoperative hospitalization 11.50 11.00 0.007
PN; stage 33 (28.47%) 29 (25.01%) time (d) (9.00-14.00) (8.00-13.00)
Staging of pTNM (%) VAS
[ stage 33 (28.44%) 28 (24.13%) 0.684 Day 1 459+0.80 3.52+0.95 0.001
I stage 32 (27.58%) 31 (26.72%) Day 3 3454077 246 +0.87 0.001
11 stage 51 (43.98%) 57 (49.15%) Day 5 272+ 1.16 163 +0.72 0.001
A B = 4 C
. 120- ** s 40 - 61 [ CLSG
g 1 g — e | T
o S H RPLSG
gl T I — ]
3 B~ 3
2 721 23 s
@ = o 204 c
2 PR -
5 484 23 Eky
‘g_ | | S 10 I —— 2
S 244 @ T >
] s [ == o
2 g 0 . . :
L] 0 . - n°- 0 N ) 4
0 T T & & £
CLSG RPLSG CLSG RPLSG o"‘ Nl 4
FIGURE 3
(A) effect of different surgical methods on postoperative bedtime; (B) effect of different surgical methods on postoperative hospitalization time; (C)
the effect of different surgical methods on postoperative pain on days 1, 3, and 5.
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TABLE 5 Postoperative recovery index.

10.3389/fsurg.2022.995194

TABLE 6 Postoperative safety index.

CLSG RPLSG P-value CLSG RPLSG P-value
(n=116) (n=116) (n=116) (n=116)
White blood cell count (10°/L) Anastomotic fistula (%)
Day 1 11.39 (9.86-14.16) 10.67 (8.79-12.60) 0.014 No 104 (89.65%) 110 (94.82%) 0219
Day 3 837 (6.12-10.40) 7.89 (6.07-9.90) 0.291 Yes 12 (10.35%) 6 (5.18%)
Day 5 6.13 (4.92-8.25) 6.04 (5.01-7.87) 0.841 Anastomotic bleeding (%)
Albumin level (g/L) No 114 (98.27%) 115 (99.13%) 1.000
Day 1 35.60 (33.30-38.37) 36.70 (33.82-38.80) 0.062 Yes 2 (1.73%) 1 (0.87%)
Day 3 36.55 (34.05-38.07) 36.95 (35.00-39.72) 0.005 Pulmonary infection (%)
Day 5 36.90 (34.55-40.15) 38.00 (35.62-40.57) 0.112 No 109 (93.96%) 113 (97.41%) 0.333
Haemoglobin level (g/L) Yes 17 (6.04%) 3 (2.59%)
Day 1 129.96 +26.33 127.38 +24.65 0.442 Incision-related complications (%)
Day 3 115.07 £21.68 116.43 +21.55 0.634 No 101 (87.06%) 114 (98.27%) 0.002
Day 5 113.32+21.35 114.26+21.53 0.739 Yes 15 (12.94%) 2 (1.73%)
Total bilirubin level (umol/L) Pancreatic fistula (%)
Day 1 13.80 (9.52-19.62) 14.70 (9.82-22.80) 0.365 No 105 (90.51%) 116 (100%) 0.001
Day 3 17.80 (14.00-25.07) 18.10 (13.12-25.57) 0.900 Yes 11 (9.49%) 0 (0.00%)
Day 5 20.10 (14.17-29.30) 17.85 (14.25-29.30) 0.472
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FIGURE 4
Effect of different surgical methods on the incidence of
postoperative complications.

node dissection time. Furthermore, in conventional laparoscopic
radical gastrectomy for gastric cancer, the assistant frequently
causes tissue traction and accessory damage to organs in the
operation area due to insufficient cooperation, resulting in a
corresponding extension of the operation procedure and an
increase in postoperative complications (22-23). RPLS, on the
other hand, is operated independently by the chief surgeon,
which can avoid issues caused by improper operation team
cooperation, thus improving operation efficiency and reducing
intraoperative blood loss. The CLS multiple trocar puncture
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port approach may decrease patient satisfaction with the
postoperative aesthetics of the abdominal wall incision. In
addition, this approach also increases the risk of complications
associated with trocar port herniation, infection, and metastatic
tumour cell implantation. After the completion of endoscopic
dissociation, CLS requires reselection of the abdominal wall
incision to remove the specimen. However, the reselection of
the incision will inevitably lead to a longer operative time. It
also increases the total length of the abdominal incision
because of the increased number of trocar puncture ports,
which may lead to an increased incidence of intraoperative and
postoperative abdominal infection and surgical-site infection
(SSI) (24). This results in increased postoperative pain, delayed
incisional healing, reduced abdominal wall aesthetics, and
increased financial costs and psychological burden for the
patient. In contrast, for RPLS, there is no need to reselect the
abdominal wall incision, and the operation is completed by
removing the specimen through a single incision in the
umbilicus, using the curvature of the umbilicus after pulling
out the single-port operating platform. This brings great
convenience to the operation. The umbilical incision has
natural folds due to the low fatty and muscle tissue content in
the abdominal wall layer. Postoperatively, the incision is better
concealed than CLS, and the patient has better postoperative
abdominal wall aesthetics with less postoperative pain. This
also facilitates early postoperative bed and out-of-bed activities
and promotes rapid recovery of patient function. As RPLS is
less invasive, it can reduce the postoperative inflammatory
response and has greater advantages in accelerating
postoperative rehabilitation in patients under the condition of a

single operation to avoid side injury and shorter operation
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time. Simultaneously, under the condition of a single operation,
the amount of postoperative exudation is reduced to avoid side
injury and shorter operation time, and the time of abdominal
cavity extubation is shortened, avoiding the delay of extubation
—which is usually caused by an increase in exudation and
increases the probability of abdominal cavity and incision
infections and the economic and psychological burden on
patients. In terms of postoperative safety and pathological
indicators, there was no significant difference in the incidence
of anastomotic leakage, anastomotic bleeding, pulmonary
infection, or the total number of lymph nodes between the two
groups, indicating that RPLS can still achieve the same radical
effect as CLS without increasing postoperative complications,
but the use of reduced-port laparoscopy in radical treatment of
gastric cancer still requires a large number of clinical studies
for further confirmation.

RPLS technology was developed on the basis of CLS, which
avoided the difficulty of SILS operation and served as a bridge
between SILS and CLS. However, only when the operator is
proficient in CLS and has overcome the RPLS learning curve can
the operator complete the operation with the help of a
laparoscopic assistant, which not only saves manpower but also
prevents intraoperative side injuries and improves operation time
and efficiency. Although the multichannel puncture platform used
in RPLS will impose some financial burden on patients, the short-
term postoperative effect of patients suggests that it is a potentially
feasible and inexpensive way to mitigate economic costs after
surgery. Of course, we discovered a report that (25) can easily
create this type of instrument platform during operation,
which is simple to use, economical, and feasible. However,
there are some concerns about this operation right now, such
as a lack of training assistants and surgical teams. This
operation, however, can only be performed after standardized
and rational training and mastery of laparoscopic radical
gastrectomy for gastric cancer. As a result, the operation
continues to emphasize operation team cooperation and
assistant training while placing greater emphasis on the
operation’s skill and safety. As a result, intraoperative side
injury is avoided, perioperative complications are reduced,
the operation is made less invasive, patients’ postoperative
rehabilitation is accelerated, and patients benefit. However,
the RPLS umbilical incision length limitation is also one of
the reference factors for tumour length and diameter
selection. The resected tumour focus is bound to be removed
from the umbilical single incision. If the tumour focus is too
large, it may not be removed, so it is necessary to further
extend the umbilical incision, which not only increases the
trauma of RPLS but also prolongs the operation time and
increases the probability of incision infection in the operation
area. Therefore, the tumour length and diameter of all
patients in this study were <4 cm to ensure the smooth
removal of the tumour focus through the umbilical single
incision.
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Conclusions

Our findings show that laparoscopic radical gastrectomy
with reduced-port laparoscopy is clinically safe and feasible.
Compared to CLS, it has the advantages of less trauma, fewer
inflammatory reactions, and better cosmetic effects, which can
accelerate patients’ postoperative recovery and is more in line
with the modern concept of rapid rehabilitation surgery and
minimally invasive surgery.

Although the data from this study can be used to support
clinical surgeons to perform this procedure, the sample size is
small and based on a single-centre data study. More research
samples are required to confirm the feasibility and safety of
RPLS and to clarify the surgical application value of this method.
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The role of surgery in older
patients with T1-2NOMO small
cell lung cancer: A propensity
score matching analysis
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Suhong Ruan?, Yuchen Ma™ and Rentao Liu™

tDepartment of Oncology, The Affiliated Suzhou Hospital of Nanjing Medical University, Suzhou
Municipal Hospital, Suzhou, China, ?Department of Thoracic Surgery, Shanghai Pulmonary Hospital,
Tongji University School of Medicine, Shanghai, China

Background: Surgical resection could improve the survival of patients with
early-stage small cell lung cancer (SCLC). However, there is a lack of dedicated
studies concentrating on surgical treatment in older patients with T1-2NOMO
SCLC. Thus, we performed this population-based study to investigate whether
older patients with T1-2NOMO SCLC could benefit from surgery.

Methods: We collected the data of patients with SCLC between 2000 and 2015
from the Surveillance, Epidemiology, and End Results Program database. Older
patients (> 65 years) with T1-2NOMO SCLC were included, and we converted
the staging information into those of the eighth edition. The propensity score
matching (PSM) was used to balance the distribution of clinical characteristics
between surgery and no-surgery groups.

Results: Before PSM, the distribution proportions of clinical characteristics in
1,229 patients were unbalanced. The Kaplan—Meier curves of overall survival
(OS) and cancer-specific survival (CSS) showed that the patients in the surgery
group were better than those in the non-surgery group (all P < 0.001). After 1:2
PSM, the distribution proportions of clinical characteristics in 683 patients were
balanced (all P > 0.05). The OS and CSS of patients in the surgery group were
still better than that of patients in the no-surgery group (all P < 0.001), and
subgroup analysis showed that the surgery was a protective factor for OS and
CSS in all clinical characteristics subgroups (almost P < 0.001). The multivariate
Cox analysis further confirmed this result (OS: HR, 0.33; 95% Cl, 0.27-0.39; P <
0.001; CSS: HR, 0.29; 95% ClI, 0.23-0.36; P < 0.001). The result of subgroup
analysis based on age, T stage, and adjuvant therapy showed that surgery was
related to better OS and CSS compared with non-surgery group (almost P <
0.001) and that lobectomy exhibited the longer survival than sublobectomy.
Age, sex, and race were the independent prognostic factors for OS in patients
undergoing surgery, whereas only the factor of age affects the CSS in patients
with surgery.
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Conclusions: Older patients with T1-2NOMO SCLC can benefit significantly
from surgical treatment, and lobectomy provides better prognosis

than sublobectomy.
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Introduction

Lung cancer is the leading cause of malignancy incidence
and mortality (1). Small cell lung cancer (SCLC) accounts for
approximately 15% of total lung cancer cases and is
characterized by rapid growth, high vascularity, early
metastatic spread, significant sensitivity to chemotherapy and
radiotherapy, and development of drug resistance during the
course of disease, with a 5-year survival rate of 7% (2, 3). Thus,
stage T1-2NOMO SCLC only accounts for nearly 5% of patients
diagnosed with SCLC, which have a better prognosis, with a 5-
year survival up to 50% (4, 5). As the aged population increases,
the diagnosis of cancer will continue to rise in older patients.
Lung cancer has become a disease of the elderly, with the average
age at diagnosis of 70 years (6, 7). The standard treatment for
SCLC is chemotherapy alone or in combination with concurrent
radiotherapy (8), but the rate of local recurrence is up to 50% in
limited stage, although SCLC is sensitive to chemotherapy and
radiotherapy (9, 10). Currently, the National Comprehensive
Cancer Network (NCCN) guidelines recommended surgery for
patients with clinical T1-2NOMO SCLC (11). Moreover, some
retrospective studies stated that patients with limited SCLC who
underwent surgery had an excellent survival and 5-year survival
rate of approximately 50% (5, 12). In addition, the previous
study in terms of surgical approach showed that the survival of
the lobectomy group was better than that of the wedge resection
in patients with stage I-ITA SCLC (13, 14).

However, compared with young people, the older
patients may be frail with complex underlying diseases,
poor performance status, and increased treatment-related
complications (15). Therefore, identifying the optimal
treatment for older patients with early-stage SCLC is
challenging. Previous research showed that comorbidity alone
was not the reason to withhold standard therapy in limited
SCLC (16). Because of the low enrollment of older patients in
cancer randomized clinical trials (RCTs) (17), there was also a
lack of evidence-based RCTs that surgery is superior to
conservative management in terms of long-term survival
benefits in the older population. Meanwhile, surgery and
postoperative adjuvant therapy were significantly underused
among the older population with early-stage SCLC (4, 13, 18).
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Consequently, there was still no consensus on whether the older
patients (= 65 years) with T1-2NOMO SCLC could benefit from
surgery currently.

In this study, we performed strict matching of clinical data
between the surgical and non-surgical groups by propensity
score matching (PSM), so as to eliminate the confounding effect
of clinical characteristics of the two groups. Finally, we evaluated
the effect of surgery on the long-term survival in older patients
(= 65 years) with T1-2NOMO SCLC based on the Surveillance,
Epidemiology, and End Results (SEER) Program database.

Methods
Patient selection

The SEER database is an authoritative source for cancer
statistics that covers approximately 28% of the US population and
contains data on cancer occurrences in 18 areas of the United States.
The selected patients diagnosed with SCLC were identified using the
SEER * Stat version 8.3.9 (National Cancer Institute, Bethesda, MD,
USA). The study cohort consisted of the patients with the
International Classification of Disease for Oncology Third Edition
(ICD-0O-3) morphology codes (8041/3, 8042/3, 8043/3, 8044/3, and
8045/3) and site codes (C34.0, C34.1, C34.2, C34.3, C34.8, and
C34.9). The exclusion criteria were as follows: (I) not receiving
regular follow-up or no follow-up; (II) patients having at least one
prior malignancy; (III) not pathologically confirmed by
immunohistochemistry; and (IV) patients with missing
information concerning primary tumor size (T), regional lymph
node (N), or distant metastasis (M) stage and clinical information.
After that, we also set up the including criteria for the patients
meeting the above exclusion criteria: aged > 65 years; patients with
the eighth edition of American Joint Committee on Cancer (AJCC)
staging system, stage T1-2NOMO (Figure 1).

Variables

To facilitate data analysis, we converted continuous variables
into categorical variables. The extracted clinical information
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Ily confirmed by il istry (n=12551)

1.Patients with the 8th American Joint Committee on Cancer (AJCC)

Patients included in study after propensity score matching (1:2)

(n=683)

Ning et al.
Patients diagnosed with SCLC between 2000 and 2015 in SEER database
(n=100585)
Excluded:
>
3. Not
Patients meeting study criteria
(n=34972)
Included:
—
Staging T1, 2 N0, MO (n=1765)
2. Age > 65 years old
Patients included in study before PSM (n=1229)
>
| Surgery (n=266) I I No Suregry (n=417) |
FIGURE 1

Flowchart for data filtration of older patients with T1-2NOMO small cell lung cancer (SCLC).

included sex, age (65-70, 71-80, and >80 years), race, laterality
(left and right), T stage (T1a, T1b, Tlc, and T2), surgery (surgery
and no surgery), radiotherapy or not, chemotherapy or not,
survival months, causes of death, and vital status. In terms of
surgery, we defined the resection of less than one lobe as
sublobectomy as some surgical procedures were not clear in
the SEER database or the number was so small that we cannot
analyze them separately. In addition, we converted the TNM
categories for each patient according to the Collaborative Staging
Manual and Coding Instructions for the eighth edition of the
AJCC staging system using tumor size and tumor CS extension.
For chemotherapy or radiotherapy, we were unable to define
neoadjuvant or adjuvant therapy due to the lack of sequence of
the treatment. The primary outcome was defined as overall
survival (OS) and cancer-specific survival (CSS). The time of the
last follow-up was November 2020. OS was defined as the
interval between cancer diagnosis and death resulting from
any cause or the last follow-up for patients still alive. CSS was
defined as the length of time from cancer diagnosis to death
from SCLC.

Statistical analysis

The baseline characteristics of patients in the surgery group
and the no-surgery group are described using frequencies and
percentage. PSM was performed between the two groups to
reduce potential bias and possible confounding interference. The
baseline demographic data for the two groups were compared
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using the Student’s t-test or ) test and the Fisher’s exact test
before and after PSM as deemed appropriate. Kaplan-Meier
survival curves were plotted to assess distinctions in prognosis
by applying the log-rank test. We used Cox proportional
hazards regression analyses with both univariate and multivariate
Cox regression analyses. Moreover, the multivariate Cox
proportional hazards regression models were also performed to
assess the risk factors in subgroup analyses. In addition, the forest
plot of hazard ratios was constructed from univariate and
multivariate Cox regression analyses. All data analyses were
performed using RStudio version 4.1.2 (RStudio, Boston, MA,
USA). A two-sided P-value < 0.05 was deemed significant.

Result
Baseline clinical characteristics

A total of 1,229 patients aged 265 years who had been
diagnosed with T1-2NOMO SCLC were included in our study. Of
the population included, 71.6% of patients (880 patients) did not
receive the surgical resection. The baseline characteristics of
patients and tumors are shown in Table 1. The result showed
that the distribution frequencies of some characteristics,
including age, race, T stage, radiotherapy, and chemotherapy,
were quite unbalanced between the surgery group and the no-
surgery group. The patients in the surgery group were fewer than
that in the no-surgery group among different age groups. The
no-surgery group was associated with the white race and the
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TABLE 1 The clinicopathologic characteristics of older patients with T1-2NOMO SCLC before propensity score matching.

Characteristics Total (N, %)
All 1,229
Age (year)

>80 204 (16.60)

65-70 416 (33.85)

71-80 609 (49.55)
Sex

Female 667 (54.27)

Male 562 (45.73)
Race

Black 94 (7.65)

Other 50 (4.07)

White 1085 (88.28)
Laterality

Left 532 (43.29)
Right 695 (56.55)

Unknown 2 (0.16)
T stage (eighth edition)

Tla 54 (4.39)

Tib 345 (28.07)

Tlc 376 (30.59)

T2 454 (36.94)
Radiotherapy

No 648 (52.73)

Yes 581 (47.27)
Chemotherapy

No 446 (36.29)

Yes 783 (63.71)

SCLC, small cell lung cancer.

larger size of the tumor. In terms of therapy, the no-surgery
group was more likely to have radiotherapy or chemotherapy.
Given the unbalanced distribution of these factors between
surgery and non-surgery groups, there is a need to reduce the
interference from these factors to better determine the
significance of surgery for prognosis in the older patients.

Univariate Cox analysis showed that the OS of patients was
associated with age, T stage, surgery, radiotherapy, and
chemotherapy (Figure S1A). Further multivariate Cox analysis
showed that aged 65-70 years, right laterality, surgery,
radiotherapy, and chemotherapy were the positive prognostic
factors for OS (Figure S1C). Analogously, the variables of age, T
stage, surgery, radiotherapy, and chemotherapy were related to
the CSS of patients through univariate Cox analysis (Figure S1B).
Age, laterality, surgery, radiotherapy, and chemotherapy were
the independent predictive factors for CSS (Figure S1D). The
Kaplan-Meier curves showed that the OS and CSS of patients
aged =65 years with T1-2NOMO SCLC who underwent surgery
were significantly better than those who did not undergo surgery
(both P < 0.001; Figure S2).

Frontiers in Oncology

17

No Surgery Surgery P-value
880 (71.60) 349 (28.4)
<0.001
166 (18.86) 38 (10.89)
272 (30.91) 144 (41.26)
442 (50.23) 167 (47.85)
0.908
479 (54.43) 188 (53.87)
401 (45.57) 161 (46.13)
0.004
79 (8.98) 15 (4.30)
41 (4.66) 9 (2.58)
760 (86.36) 325 (93.12)
0.434
388 (44.09) 144 (41.26)
490 (55.68) 205 (58.74)
2(0.23) 0 (0.00)
<0.001
18 (2.05) 36 (10.32)
195 (22.16) 150 (42.98)
280 (31.82) 96 (27.51)
387 (43.98) 67 (19.20)
<0.001
363 (41.25) 285 (81.66)
517 (58.75) 64 (18.34)
<0.001
281 (31.93) 165 (47.28)
599 (68.07) 184 (52.72)

Survival analysis and multivariate Cox
analysis after propensity score matching

After 1:2 PSM of seven clinical characteristics, a total of 683
patients were included in the analyses, which contain 417
patients in the non-surgery group and 266 patients in the
surgery group. The distribution of these baseline
characteristics was balanced between the two propensity-
matched groups (both P > 0.05; Table 2).

After PSM, the univariate Cox analysis showed that aged 65—
70 years, surgery, radiotherapy, and chemotherapy were related
to the OS of patients (Figure 2A), whereas aged 65-70 and 71-80
years, surgery, radiotherapy, and chemotherapy were associated
with the CSS of patients (Figure 2B). Through further
multivariate Cox analysis, the result showed that aged 65-70
and 71-80 years, tumors located on the left side, surgery,
radiotherapy, and chemotherapy were the positive predictive
factors for OS (Figure 2C); aged 65-70 and 71-80 years, tumors
located on the right side, surgery, and radiotherapy were the
independent prognostic factors for CSS (Figure 2D). The
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TABLE 2 The clinicopathologic characteristics of older patients with T1-2NOMO SCLC after propensity score matching.

Characteristics Total (N,%)
All 683
Age (year)

>80 92 (13.47)

65-70 233 (34.11)

71-80 358 (52.42)
Sex

Female 383 (56.08)

Male 300 (43.92)
Race

Black 31 (4.54)

Other 22 (3.22)

White 630 (92.24)
Laterality

Left 291 (42.61)

Right 392 (57.39)
T stage (eighth edition)

Tla 26 (3.81)

T1b 240 (35.14)

Tlc 220 (32.21)

T2 197 (28.84)
Radiotherapy

No 497 (72.77)

Yes 186 (27.23)
Chemotherapy

No 300 (43.92)

Yes 383 (56.08)

SCLC, small cell lung cancer.

Kaplan-Meier survival analysis after PSM showed that the OS of
patients aged =65 years with T1-2NOMO0 SCLC who underwent
surgery were significantly better than those who did not
undergo surgery (P < 0.001; Figure 3A). The median OS time
of the surgery group was 35 months, which was significantly
longer than the median OS time of the non-surgery group (13
months). After that, the median CSS time of the surgery group
was also longer than that in the non-surgery group, with the
median CSS time being 59 months in the surgery group and 14
months in the non-surgery group (P < 0.001; Figure 3B).

Subgroup analysis of OS and CSS in
subgroups of clinical characteristics

To better minimize the interference of other factors except
for surgery on the prognosis and better determine the protective
role of surgery on prognosis after PSM, we performed the
subgroup analyses of all clinical characteristics. The OS
subgroup analysis showed that the treatment of surgery was a
protective factor for OS for almost clinical characteristics, except
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No Surgery Surgery P-value
417 266
0.175
59 (14.15) 33 (12.41)
131 (31.41) 102 (38.35)
227 (54.44) 131 (49.25)
0399
228 (54.68) 155 (58.27)
189 (45.32) 111 (41.73)
0.982
19 (4.56) 12 (4.51)
13 (3.12) 9 (3.38)
385 (92.33) 245 (92.11)
0.653
181 (43.41) 110 (41.35)
236 (56.59) 156 (58.65)
0.366
15 (3.60) 11 (4.14)
139 (33.33) 101 (37.97)
133 (31.89) 87 (32.71)
130 (31.18) 67 (25.19)
0.054
292 (70.02) 205 (77.07)
125 (29.98) 61 (22.93)
0.461
178 (42.69) 122 (45.86)
239 (57.31) 144 (54.14)

for the other subgroup of the race (Figure 4A). The CSS
subgroup analysis showed that the surgical treatment was a
protective factor for CSS for almost clinical characteristics,
except for the other subgroup of race and the T1a subgroup of
T stage (Figure 4B). The abovementioned clinical subgroups
presented statistically insignificant differences in the OS or CSS
between the surgery and no-surgery groups because the number
of these subgroups was limited.

Kaplan—Meier survival analysis of the OS
and CSS for surgical treatment between
different subgroups

To further determine the protective effect of surgical
procedure on OS and CSS, we performed the subgroup
analysis in different age, tumor size, and treatment groups
after PSM. The result showed that the surgery group had a
better prognosis than the non-surgery group regardless of OS or
CSS, but the difference between the two surgery strategies” OS
and CSS was not statistically significant in all age subgroups
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Cox regression analysis for overall survival (OS) and cancer-specific survival (CSS) of older patients with T1-2NOMO small cell lung cancer (SCLC)
after propensity score matching. (A) Univariate Cox analysis for OS. (B) Univariate Cox analysis for CSS. (C) Multivariate Cox analysis for OS.

(D) Multivariate Cox analysis for CSS.

Figures 5A, B, D-F, except the OS in patients aged 71-80 years
(Figure 5C, P = 0.024). However, all trends in survival benefits
favored lobectomy over sublobectomy. In terms of the tumor
size, we assembled the Tla and T1b as the group of Tla + T1b
because the number of Tla group was limited with only 26
patients after PSM. The prognosis of two surgery strategies was
better than that of no-surgery group in all T subgroups. The
sublobectomy group had a worse prognosis than the lobectomy
group in Tla + T1b stage subgroup regardless of OS or CSS
(Figures 6A, D), whereas there was no significant difference in
OS and CSS between the two different surgery strategies in the
T2 subgroup (Figures 6C, F). In Tlc subgroup analyses, the
lobectomy group had a better prognosis than sublobectomy in
OS, not in CSS, but the trend in survival benefit also favored
lobectomy (Figures 6B, E). In terms of therapy, the surgery
group all achieved better OS and CSS than the non-surgery
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group in patients who had chemotherapy alone (Figures 7A, E),
radiotherapy alone (Figures 7B, F), and no chemotherapy or
radiotherapy (Figures 7D, H), but the difference of prognosis in
OS and CSS was insignificant between sublobectomy and
no-surgery groups in patients who received chemotherapy
plus radiotherapy (Figures 7C, G). For patients in the
chemotherapy group, the lobectomy group could improve
the prognosis in OS rather than CSS compared with
the sublobectomy group, but the difference in OS and CSS of
patients who received radiotherapy and chemotherapy plus
radiotherapy was significant. However, this result was not well
persuasive for the limited samples in the radiotherapy group. In
no-chemotherapy or radiotherapy subgroup analyses, the OS
and CSS of sublobectomy and lobectomy were comparable, but
the outcomes were better than that of patients who did not
undergo surgery (Figures 7D, H).
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Survival analysis for overall survival (OS) and cancer-specific survival (CSS) of older patients with T1-2NOMO small cell lung cancer (SCLC) after

propensity score matching. (A) KM curves of OS. (B) KM curves of CSS.

Prognostic factors of patients in the
surgery group

To further explore the prognostic factors of older patients
with T1-2NOMO SCLC who underwent surgery, we performed
the multivariate Cox analysis of the clinical characteristics of
patients in the surgery group. The result presented that the
characteristics of age (65-70 years), sex (female), and race
(black) were the statistically positive influence factors for OS
of patients (Figure 8A). After that, we find that just the factor of
age (65-70 years) has a positive effect on the CSS of
patients (Figure 8B).

Discussion

The SEER database is currently the largest database of tumor
clinical information in the world, which can help reduce the
cancer burden among the US population. Many significant
problems in clinical practice have been published using the
SEER database in recent years (19, 20). However, the SEER
database covers a long period and contains multiple different
editions of the AJCC tumor staging system and other indicators,
so it was so challenging to compare the results of the delivered
research using the SEER database (21). Because of this reason,
we converted the TNM staging of each patient into those of the
eighth edition to guarantee that the study population
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information conformed to the current treatment guidelines.
Notably, our study could provide credible and practical
medical evidence for clinical decision-making of treatment in
older patients with T1-2NOMO SCLC through this approach.
The average age of patients diagnosed with SCLC increased,
and the proportion of patients with SCLC older than 70 years
had increased from 23% in 1975 to 44% in 2010 (22, 23). After
that, the frequency of detecting early-stage lung cancer will be
likely to increase as CT screening for lung cancer becomes more
commonplace in recent years (24). Currently, the NCCN
guidelines recommend surgery for selected cases of clinical
stage T1-2NOMO SCLC (25). However, considering the
potential multiple comorbidities, increased treatment-related
complications, decreased functional status, relatively high
mortality in the older adult (26-29), and SCLC that is
characterized by rapid growth and early metastasis, surgery is
rarely performed in older patients even if their SCLC is at an
early stage, and it was controversial whether the survival benefits
of surgical treatment are significant for older patients. In our
study, we also observed that the rate of surgery decreased with
age increasing (34.6%, 27.4%, and 18.6% for the age subgroups
65-70, 71-80, and >80 years, respectively), and the surgical
treatment could provide better prognosis than without surgery.
Although there were several studies exploring the benefits of
surgery in patients with early-stage SCLC, they did not stratify
specifically by age and surgical procedure, and some of them had
confounder interference (15, 30-32). Previous study also showed
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A (o1]

Characteristics Surgery No Surgery HR (95%Cl) P Value
All patients 266 417 [ 0.37 (0.31-0.44) <0.001
Age
65-70 102 (38.35) 131 (31.41) —o—i 0.30 (0.21-0.41) <0.001
71-80 131 (49.25) 227 (54.44) ——1 0.46 (0.37-0.59) <0.001
>80 33(12.41) 59 (14.15) —— 0.20 (0.11-0.36) <0.001
Sex
Female 155 (58.27) 228 (54.68) 1 0.32 (0.25-0.41) <0.001
Male 111 (41.73) 189 (45.32) —o— 0.43 (0.33-0.56) <0.001
Race
White 245 (92.11) 385 (92.33) o 0.37 (0.31-0.45) <0.001
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FIGURE 4

Subgroup analysis for overall survival (OS) (A) and cancer-specific survival (CSS) (B) of older patients with T1-2NOMO small cell lung cancer

(SCLC) after propensity score matching

that age was the independent prognostic factor for patients with
SCLC who received surgical treatment (33), which was
consistent with the result of our research (Figure 8).

Before PSM, our results demonstrated that surgical
treatment was the most significant protective factor of all
clinical factors for OS and CSS, although a severe imbalance in
the distribution of clinicopathological features between the
surgery and non-surgery groups existed in our study. Whereas,
the biases in data distribution in terms of baseline characteristics
would interfere with the comparison between groups and the
accuracy of the Cox regression model (34, 35). To determine the
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benefits of surgery in older patients and reduce confounding
factor interference between the surgery group and the non-
surgery group, we performed the 1:2 PSM to balance the
distribution of a total of seven clinical characteristics so that
the OS and CSS could be compared between the two groups at
similar baselines and with a convincing result. After 1:2 PSM,
with a total of 683 older patients with T1-2NOMO SCLC, our
results showed that the surgery remains the most important
independent prognostic factor for older patients with TI-
2NOMO SCLC, and patients who underwent surgery achieved
significantly better OS and CSS than those who did not undergo
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Kaplan—Meier estimates of overall survival (OS) (A—C) and cancer-specific survival (CSS) (D—F) for T1-2NOMO patients with small cell lung cancer
(SCLC) aged 65-70 years old (B, E), 71-80 years old (C, F), and >80 years old (A, D)stratified by surgery strategy after propensity score matching.

surgery (P < 0.001). Subgroup analysis also showed that surgical
intervention was a protective factor for OS and CSS for almost
clinical characteristics in older patients with SCLC. These results
showed that a more aggressive treatment strategy may be
beneficial in older patients with T1-2NOMO SCLC, leading to a
better survival of OS and CSS for these patients. Moreover, our
study also noted that the factor of age 65-70 years was a
protective factor of prognosis in older patients with SCLC
undergoing surgery regardless of OS or CSS. Sex and race
were independent predictors of OS in surgical patients and
were not statistically significant in CSS, which is similar to the
results of previous studies (15, 30, 32). Our study implied that
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these factors should be evaluated in detail before surgery
and that intensive follow-up should be carried out for
this special subset of patients although they have received
surgical treatment.

The standard treatment for patients with limited-stage SCLC
is chemotherapy and radiotherapy. However, considering the
several physiological changes of organ function in older patients
that could alter drug pharmacokinetics and have an impact
on cytotoxic chemotherapy tolerability and toxicity, the
treatment regimens may be different among different age (36).
Ludbrook et al. analyzed retrospectively 174 patients with
limited-stage SCLC and divided into three age groups: <65,

frontiersin.org


https://doi.org/10.3389/fonc.2022.958187
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Ning et al.

10.3389/fonc.2022.958187

Treat == | obectomy == Sublobectomy == None

A T1a+T1b |8 T1c |[c T2
100% N vs. B |, p< 0.001 N vs. B , p< 0.001 N vs. B , p< 0.001
N VS. . , p< 0.001 . vs. mm , p= 0.001 s Vs. mm , p= 0.008
I VS. mm , p= 0.035 N VS. mm , p= 0.004 = VS , p= 0.236
- 80%
3
S 60%
o
& | ----EgEaEas - ... _ e
L 40% :
2 : i .
=) 1 1 1 1
[7p] o 1 I
20% 0o I : i
Log-rankp <} k Log-rank p < 0.0001 ! ;
- y | : P ; | :
0 12 24 36 48 60 0 12 24 36 48 60 0 12 24 36 48 60
Time(months)
Treat mm Lobectomy wbm Sublobectomy == None
D T1a+T1b |[E Tic |[F T2
100% . VS. ., p< 0.001 . vs. B, p< 0.001 . vs. ., p< 0.001
 VS. mmm , P= 0.001 . Vvs. e , p= 0.001 . Vs. mm , p= 0.024
VS mmm > P=0.026 . VS. mmm , p= 0.139 I VS. mmm , p= 0.235
- 80%
E
% 60%
g8  |-----NS___
S 40% LY
E : I : 1
= [ 1 1 1
n o 1 1
20% - ! : ;
Log-rank p <}0.0001 : Log-rank p < .0001 = Log-rahk p 40.00017}
- | ; P : o :
0 12 24 36 48 60 0 12 24 36 48 60 0 12 24 36 48 60

FIGURE 6

Time(months)

Kaplan—Meier estimates of overall survival (OS) (A—-C) and cancer-specific survival (CSS) (D-F) for T1-2NOMO patients with small cell lung cancer
(SCLC) with stage Tla + T1b (A, D), Tic (B, E), T2 (C, F) stratified by surgery strategy after propensity score matching.

65-74, and > 75 years. They found that increasing age was
significantly associated with fewer diagnostic scans, less
intensive chemotherapy regimens, fewer cycles, and lower total
doses (37). In addition, there are some studies suggesting that
the dose and frequency of radiotherapy were either less intensive
in the elderly or comparable between younger and elderly
patients (37, 38). After that, the local relapse occurs in up to
80% of limited-stage patients managed with chemotherapy
alone, although SCLC was significantly sensitive to
chemotherapy (39). Some data revealed that up to 16% of
limited-stage SCLC died from a relapse confined to the thorax
(40). Previous studies asserted that the treatment of operation
could prevent local recurrence and improve survival in patients
with SCLC (41, 42). A retrospective study published by Jin et al.
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also suggested that patients with T1-2N0 SCLC may benefit from
surgery as local therapy, whereas patients with T3NO or T1-2N1
SCLC may consider radiotherapy as local therapy (43). The
American College of Chest Physicians and the American Society
of Clinical Oncology also recommends surgery for patients with
stage I SCLC, followed by adjuvant chemotherapy including
platinum agent and etoposide (44, 45). In our study, we found
that there was survival benefit for older patients who received
surgery combined with chemotherapy or/plus radiotherapy
compared with chemotherapy or/plus radiotherapy alone and
that lobectomy may be the best choice, which was consistent
with previous results (13, 42, 46). From the above results, it
suggested that surgical treatment combined with adjuvant
therapy may further improve the local control to prolong
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Kaplan—Meier analyses of overall survival (OS) (A—D) and cancer-specific survival (CSS) (E—H) for T1-2NOMO patients with small cell lung cancer
(SCLC) with chemotherapy (A, E), radiotherapy (B, F), radiotherapy plus chemotherapy (C, G), and no radiotherapy or chemotherapy (D, H)

stratified by surgery strategy after propensity score matching.
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survival and supported the role of surgery in multimodality
therapy for older patients with T1-2NOMO SCLC.

According to the NCCN guidelines, surgery is recommended
for patients with T1-2NOMO SCLC, and it points out that
lobectomy is superior to sublobectomy (25). However, many
patients with early-stage SCLC also undergo sublobectomy for
various reasons (47). To the best of our knowledge, few studies
have discussed whether sublobectomy can achieve the same
survival outcomes comparable to lobectomy in older patients
(= 65 years) with TI-2NOMO SCLC and which type of surgery
combined with adjuvant therapy is most effective for OS and CSS
currently. In our study, we find that the trend in OS and CSS
benefits favored lobectomy over sublobectomy, and all achieved
better survival than patients without surgery, although there was
generally no statistical difference between the two surgical
procedures in almost age subgroups. These results presented
that sublobectomy could be considered in older patients with
SCLC when patients cannot tolerate lobectomy due to various
reasons like multiple comorbidities or poor pulmonary function.
In terms of tumor size, our study found that lobectomy was the
priority choice compared with sublobectomy for tumors with
tumor size less than 5 cm, because lobectomy could have longer
OS and CSS than sublobectomy. The above results were similar
to those of previous studies (30, 48). Meanwhile, we also found
that surgery combined with chemotherapy plus/or radiotherapy
could achieve better survival than chemotherapy plus/or
radiotherapy alone, which is consistent with the result of the
previous report (13). Moreover, patients who underwent
lobectomy continued to have better survival in our study.
Moreover, in the non-treatment subgroup, we find that the
sublobectomy seems to achieve the same therapeutic effect as
lobectomy regardless of OS and CSS and that the surgery group
had a better prognosis than the patients without any therapy,
which represented that the patients who just received the
treatment of surgery could also achieve survival benefit as
older patients do. The occurrence of this phenomenon was
possibly associated with the poorer performance status or
relatively short life expectancy of this population. For the
patients with chemotherapy plus radiotherapy, these patients
may have the high risk of metastasis and recurrence due to the
larger tumor size or special location of the tumor. We find that
the OS and CSS of patients with sublobectomy were comparable
with that of patients in the no-surgery group, which achieved
worse prognosis than patients with lobectomy. Thus, this special
subset of older patients still could benefit from aggressive
surgical treatment regardless of OS or CSS, and lobectomy
should be the prior choice in older patients.

The current study had some limitations. First, as a
retrospective study, the population selection may be biased
inevitably and could not control for confounding factors as
strictly as prospective studies. Although we have performed the
PSM to reduce the potential bias, there might be a potential
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unknown bias that the PSM failed to rectify. After that, it is
not clear how patients were selected for different treatment
in the SEER database. Second, the SEER database lacked
routinely available data including performance status, lung
function, smoking status, and comorbidities. In particular,
comorbidities could greatly influence treatment strategies and
prognosis assessment and might be the reason why patients
who undergo surgery have better survival than those who did
not. Third, the information on the status of surgical margin,
disease-free survival, chemotherapy regimen and cycles,
radiotherapy dose and location, and further treatment after
recurrence was not available. Moreover, we are uncertain
whether these factors had an impact on our study, for which
we should draw the conclusions carefully. In addition, the data
in our study were extracted from the American population, and
the results need to be verified using the data from Chinese
population. Overall, further multicenter prospective studies
with relatively complete information of clinicopathological
variables, performance status, and treatments in detail should
be performed to validate our conclusions and provide more
reliable clinical guidance.

In conclusion, our study found that the long-term survival of
older patients with T1-2NOMO SCLC who received surgical
treatment was significantly better than that of patients who
did not undergo surgery after balancing all clinical
characteristics and that lobectomy could provide a better
prognosis than sublobectomy. For patients unsuitable for
lobectomy, this special subset of patients also could benefit
from sublobectomy. Age, sex, and race were independent
prognostic factors of survival outcomes in older patients
undergoing surgery. Therefore, the surgery should be
performed for older patients with T1-2NOMO SCLC after
careful consideration and assessment combined with relevant
clinical factors, but further exploration in larger prospective
clinical trials is also needed to validate our conclusions.
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Background: Helicobacter pylori (HP) infection is one of the leading causes of
gastric cancer (GC). However, the interaction between HP and the TME, and its
carcinogenic mechanism remains unknown.

Methods: The HP-related prognostic genes were identified based on HP
infection-related gene markers and HP infection sample datasets by risk
method and NMF algorithm. Principal component analysis (PCA) algorithm
was used to constructed the HPscore system. The “limma” R package was
employed to determine differentially expressed genes. In addition, the R
packages, such as “xCell” and "GSVA", was used to analyze the relationship
between the HPscore and tumor microenvironment. Finally, quantitative
real-time polymerase chain reaction (QRT-PCR) was conducted to verify the
expression levels of 28 HP-related prognostic genes in tissues.

Results: We successfully identified 28 HP-related prognostic genes that
accurately classified the GC population. There are significant differences in
survival between different subgroups (high-, low-risk and cluster_1,2).
Thereafter, the HPscore system was constructed to evaluate the signatures of
the 28 HP-related prognostic genes. The overall survival rate in the high-
HPscore group was poor and immunological surveillance was reduced,
whereas the low-HPscore group had a survival advantage and was related to
the inflammatory response. HPscore was also strongly correlated with the
tumour stage, TME cell infiltration and stemness. The gRT-PCR results showed

Abbreviations

HP, Helicobacter pylori; GC, Gastric cancer; BMDC, bone marrow-derived dendritic cells; CSC, cancer
stem cells; DEGs, Differentially expressed genes; EMT, Epithelial-Mesenchymal Transition; GEO, Gene
Expression Omnibus; TCGA, The Cancer Genome Atlas; GSVA, Gene Set Variation Analysis; HR,
Hazard ratio; TME, Tumor microenvironment; GSEA, Gene Set Enrichment Analysis; ssGSEA, single
sample Gene Set Enrichment Analysis; LASSO, Least absolute shrinkage and selection operator; OS,
Overall survival; PPI, Protein-protein interaction; AUC, area under curve; KEGG, Kyoto Encyclopedia
of Genes and Genomes; PCA, Principal component analysis
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that DOCK4 expression level of 28 HP-related prognostic genes was higher in gastric
cancer tissues than in adjacent tissues.

Conclusions: HP signatures play a crucial role in the TME and tumourigenesis. HPscore
evaluation of a single tumour sample can help identify the TME characteristics and the

carcinogenic mechanism of GC patients

infected with HP, based on which

personalized treatment can be administered.

KEYWORDS

Helicobacter pylori, gastric cancer, tumour microenvironment, cell stemness, prognostic model

Introduction

Gastric cancer (GC) is the fifth-largest type of malignant
tumor globally, and its high mortality makes it the third
leading cause of cancer-related death (1). It is closely
associated with Helicobacter pylori (HP) infection. The World
Health Organisation has listed HP as the first group of
carcinogens causing gastric adenocarcinoma (2). Because HP
is not an intracellular pathogen, continuous inflammation
does not effectively eliminate HP but leads to epithelial cell
damage. Further, the constant production of reactive oxygen
species continues to cause DNA damage, which initiates the
cascading reactions that lead to cancer development (3). A
study showed that HP eradication therapy reduces the risk of
GC in patients with first-degree relatives who have a family
history of GC (4). Unfortunately, most patients are prone to
drug resistance against HP and the infection cannot be
eradicated. A recent observational study confirmed that HP
infection can be completely eradicated in only 35% of patients
who receive the follow-up treatment for this infection (2). In
addition, the understanding of the carcinogenic mechanism of
HP is still not comprehensive. Increasing evidence has
suggested that the accumulation of bone marrow-derived
dendritic cells (BMDCs) induced by HP is one of the origins
of GC stem cells. Chronic HP infection leads to chronic
inflammation and subsequent gastric epithelial mucosal
damage, leading to the recruitment of BMDCs (5). BMDCs
exhibit the phenotype and characteristics of cancer stem cells
(CSCs) and obtain the ability to differentiate into gastric
epithelial cells possibly through cell fusion (6, 7). This
mechanism involves the secretion of various cytokines by
infected epithelial cells, of which tumour necrosis factor-o
(TNF- o) plays a significant role mainly through the NF-kB-
dependent pathway (8). HP has been known to activate the
typical NF-kB signal in gastric epithelial cells, and its
mechanism depends on the type IV secretory system (T4SS)
encoded by the CagA pathogenicity island of HP (9).
Simultaneously, the inflammatory response caused by HP
makes the tumour microenvironment (TME) more complex.
With the transition from acute inflammation to chronic
inflammation, the virulence factors released by HP prevent
the differentiation of immune killer cells and promote the
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accumulation of immunosuppressive cells (9). In addition, HP
activates tumour-associated fibroblasts by activating the IL-17
pathway to assist tumour cells in immune escape (10, 11).
Further, the accumulation of a large number of fibroblasts
makes it difficult for immune cells to enter the tumour core
and provides the necessary conditions for angiogenesis.
Therefore, identifying the characteristics of HP-mediated
gastric epithelial cell infiltration can help in strengthening our
understanding of the complex and changeable TME.

In this study, we identified the prognostic gene markers
associated with HP infection in patients with GC. These genes
showed a strong correlation with tumour immune-infiltrating
cells, and to some extent, participated in the signal pathway of
tumour stem cells and then affected tumour progression. We
constructed an HPscore system by using HP-related
prognostic genes to comprehensively evaluate the TME
modification patterns in patients with GC. Elucidation of the
overall mechanism of HP infection can help us understand its
carcinogenic nature and develop effective treatment strategies.

Materials and methods
Collection and preprocessing of datasets

The flowchart (Figure 1) and mechanism diagram were
plotted in the BioRender (https://app.biorender.com). First, we
retrieved HP-related studies published in the past 3 years from
the NCBI and Web of Science to verify the HP-infected related
gene markers (the following unified abbreviated as HP). To
investigate the relationship between HP infection and GC, we
collected relevant datasets from the GEO and TCGA databases.
In summary, 4 HP infection-related datasets (i.e. GSE6143,
GSE5081, GSE27411, and GSE60662), 5 GC datasets (ie.,
GSE66229, GSE29272, GSE84437, GSE15459, and TCGA-
STAD) with OS data, three drug treatment datasets (i.e., PD-L1/
IMvigor210). The ROC curve and the AUC value were used to
evaluate the diagnostic efficacy of HP-related genes. The
“survival” and “survminer” R packages were used to draw the
survival curve of the GC datasets. To eliminate the batch effects
of different datasets, we used the “combat” algorithm of the
“SVA” R package to merge the datasets (ie., GSE66229 and
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GSE15459). The “FactoMineR” and “Factoextra” R packages were
used to demonstrate the fit effect of the meta-dataset. The
“Corrplot” R package was used to identify the potential HP
regulatory genes in the meta-datasets. We used the “limma” R
package to determine the differential genes between Hp-positive
and Hp-negative patients in the GEO dataset (i.e. GSE6143 and
GSE60662). The “upsetR” and “VennDiagram” R packages were
employed to identify the overlapping genes. Then, the univariate
Cox regression analysis was performed to identify HP-related
prognostic genes, and the HR values of these genes were
visualised using the “forestplot” R package.

Evaluation of the clinical value of
HP-related prognostic genes

Based on the HP-related prognostic genes, lasso regression
and multivariate Cox regression were used to establish the
prognostic risk model with the “survival” and “glmnet” R
packages. Then, the samples were classified into high- and low-
risk groups according to the median risk score. The “pheatmap”,
“survival”, and “survminer” R packages were employed to
demonstrate the difference in the prognosis between the high-
and low-risk groups. The “scatterplot3d” R package was applied
to investigate the distribution of patients with a different risk score.

Nonnegative matrix factorisation

To evaluate the modification differences among the GC
samples, we used the Nonnegative Matrix Factorisation
(NMF) method to classify 482 GC patients from the meta-
datasets based on the presence of HP-related prognostic
When the
correlation coefficient was most obvious, the k value was

genes. decreasing trend of the cophenetic
regarded as the best cluster number. The “NMF” R package
was employed to plot the heatmap, basis components, and the

connectivity matrix of NMF in different clusters.

PPI network and functional pathway
enrichment analysis

The protein-protein interaction network was constructed
using the Search Tool for the Retrieval of Interacting Genes
database (STRING, https://string-db.org/). Cytoscape software
with the MCODE plugin was employed for the optical
network and to identify the most significant module. The GO
function annotation and the KEGG pathway enrichment
analysis were performed using the “clusterProfiler” R package
and DAVID (https://david-d.ncifcrf.gov/). The signal pathway
gene sets were downloaded from MSigDB (https://www.gsea-
msigdb.org/gsea/msigdb). Gene enrichment analysis was also
performed using GSEA software (version 4.0).
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Generation of HP-related prognostic
gene signature

To quantify the HP-related prognostic gene modification
patterns in each sample, we defined the HPscore, a scoring
system for evaluating individual GC patients. The principal
component analysis (PCA) was performed to construct the
HPscore. Similar to that described in previous studies (12,
13), we added PC1 and PC2 as the final gene signature scores.
The HPscore was represented as

j
HPscore = Z (PC1i + PC2i)
i

The samples were categorised as high- and low-HPscore groups,
with the optimal cutoff value. In addition, the distribution of
patients with the HPscores was visualised using the t-
distributed random neighbour embedding (T-SNE) method
(“Rtsne” R package).

Estimation of TME and stemness feature

The “xCell” R package was used to calculate the
microenvironment score for the meta-dataset. In addition, the
ESTIMATE was used to calculate tumour purity and the
immune infiltration levels (14). Thus, a comprehensive
microenvironment score that reflected tumour purity and
the
constructed. According to the markers of immune cells obtain

immune cell infiltration in tumour samples was

from the Charoentong’s research (15), the single-sample gene-
set enrichment analysis (ssGSEA) algorithm was employed to

quantify the
infiltration in the GC tumour microenvironment by using the

relative abundance of each immune cell
“GSVA” R package, and each immune cell infiltration score
was standardised for further analyses. We also used the
biological pathways constructed by Mariathasan et al. (16) to
evaluate the association between the HPscore and biological
processes, including (1) immune checkpoint; (2) antigen
processing machinery (APM); (3) epithelial-mesenchymal
transition (EMT) markers such as the EMT1, EMT2, and
EMT3; (4) angiogenesis signature; (5) pan fibroblast TGF-b
response signature (Pan-FTBRS); and (6) CD8+ T-effector
signature. All the gene sets used in the study are listed in the
Supplementary Table S6.

Tissue samples and quantitative real-time
polymerase chain reaction

A total of 24 tumor tissue and 20 normal adjacent tissue
were collected from patients with GC. Following are the
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FIGURE 1
The flow chart of the present study (created with BioRender.com).

inclusion criteria for tissue specimens: (1) Diagnosis of GC from
a pathological perspective; (2) Except for GC without other
malignancies; (3) Surgical procedures are not preceded by
radiotherapy or chemotherapy. The study was approved by
the Ethics Committee and informed written consent was
obtained from all patients. The specific experimental protocol
for QRT-PCR referred to our previous research methods.

Statistical analysis

All the data were processed using R 4.0.1 software. We
obtained mutation data of the GC samples from the TCGA
database. The “maftools” R package was employed to visualise
mutation data. Independent prognostic factors were identified
through the Cox analysis. The “limma” R package was
employed to determine differentially expressed genes (DEGs)
between the subgroups with fold change=1, and the volcano
map was used for visualisation. Survival curves were generated
using the Kaplan-Meier method, and log-rank tests were
performed to calculate the differences. The Sankey diagram was
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developed using the “networkD3” R package. The “ggplot2”,
“ggpubr”, and “pheatmap” R packages were used to visualise
the results. Pearson correlation coefficient among the data were
calculated through the “Corrplot” R package and visualised
using the “PerformanceAnalytics”, “Hmisc”, and “ggstatsplot” R
packages. All statistical P-values were two-sided, and a P value
of <0.05 was considered to be statistically significant. P-values:
ns, P>0.05; *P <0.05; **P <0.01; **P < 0.001; ***P < 0.0001.

Results
The landscape of HP-related genes in GC

Through systematic literature screening, a total of 39 genes
were considered to be gastric infection HP gene signature
(Supplementary Table S1), termed as HP-related genes. ROC
results from three different datasets (GSE6143, GSE27411, and
GSE60662) suggested that the HP-related gene sets can
effectively diagnose HP infection (Supplementary Figure S1A).
Figure 2A shows the dynamic carcinogenic process induced by
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of 28 HP-related prognostic genes was analyzed in the TCGA-STAD cohort.

HP infection in the stomach. To determine the best cluster
dataset, we first performed the survival analysis to evaluate
prognostic differences between the datasets (Supplementary
Figure S1B). After excluding the datasets with poor data
quality, GSE15459 and GSE66229 were integrated into training
datasets (Supplementary Figures S1C,D), and TCGA-STAD
and GSE84437 were used as testing datasets. Subsequently, the
correlation analysis was performed to determine the correlation
between the HP-related genes and meta-dataset, and a total of
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1,338 genes were identified (Supplementary Table S2). The
Venn plot was used to show the overlapping region between
1,338 genes and the differential genes in GSE6143 and
GSE60662. A total of 217 genes were confirmed for follow-up
analysis (Figure 2B and Supplementary Figure S2A). To
further determine the relationship between HP infection and
GC, the univariate Cox regression model showed that 28 genes
were associated with GC prognosis (Figure 2C), and these
genes were termed as HP-related prognostic genes. A protein
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interaction network of 21 HP-related prognostic genes and the
HP-related genes was constructed. The mcode plugin was used
to identify potential hub genes (Figure 2D). The strong
correlation among the HP-related prognostic genes is shown in
Supplementary Figures S2B. In addition, Spearman correlation
analysis showed a robust correlation between HP-related
prognostic genes and tumour immune-infiltrating cells
(Figure 2E). Type 17 helper T cells and CD56 dim natural
killer cells were negatively correlated with poor prognostic
genes but positively correlated with favourable prognostic
genes. Subsequent KEGG and GO enrichment analyses also
confirmed the strong correlation between these prognostic
genes and the immune signal pathway. For example, the
“inflammatory response” and “immune response” signalling
pathways of GO were enriched. In addition, the enrichment of
“positive regulation of angiogenesis” and “focal adhesion” and
“cell migration” signalling pathways indicated the potential
biological function of 28 prognostic genes in GC (Figure 2F).
We studied the mutation incidence in TCGA-STAD patients to
fully describe the characteristics of HP prognostic genes
(Figure 2G). Of the 433 samples, 116 harboured a mutation in
HP-related prognostic genes, with a frequency of 26.79%. C3,
DOCK4 and ELMOI had the highest mutation rate (6%),
followed by MYO5A (5%). These results suggested that the HP-
related prognostic genes are strongly associated with the
immune microenvironment of GC and tumour progression.

Risk stratification of patients with gastric
cancer based on HP-related prognostic
genes

We performed lasso regression of 28 genes based on meta-
dataset, and the results suggested that LAG3, MAFB, PDLIM?7,
DKK3, and CASPI can be used to establish risk models
(Figure 3A). Multivariate Cox analysis was then used to
calculate the risk score of each sample in the meta-dataset.
The forest plot showed the relationship between the five genes
and cancer prognosis (Figure 3B). Then, GC patients were
divided into high- and low-risk groups, with the median risk
score as the threshold. Survival analysis showed that the
survival time of the high-risk group was significantly lower
than that of the low-risk group (Figure 3C, P <0.0001). The
heatmap result showed that MAFB, PDLIM7, and DKK3 were
highly expressed in the high-risk group but LAG3 and CASPI
were not expressed. With the increase in the risk score, the
proportion of death in patients increased significantly
(Figure 3D). Principal component analysis showed significant
differences in the high- and low-risk cohorts (Figure 3E). The
area under the curve (AUC) of the meta-datasets at 1, 2, and
3years were 0.68, 0.70, and 0.68 (Figure 3F). The datasets
GSE29272 and GSE84437 were used to evaluate the actual

value of the risk model of the high- and low-risk cohorts,
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respectively. These results suggested that our model can well
stratify the risk of GC, and a significant difference was
observed in the survival of GC patients between the high- and
low-risk groups (Supplementary Figure S3A). As shown in
Figure 3G, the high-risk group had a high levels of regulatory
T cells, T follicular helper cells, type 1 T helper cells, mast
cells, and plasmacytoid dendritic cell infiltration in the
tumour rather than activated CD4 T cells, activated CD8 T
cells, type 17 helper T cells, and CD56 light/dim natural killer
cells. We used GSEA to analyse the enrichment level of the
pathways. The hallmark and GO enrichment pathways,
including Wnt, autophagy, TGF-B, EMT, Angiogenesis,
Hypoxia, Notch, and Hedgehog signalling pathways were of
considerable attention (Figure 3H) because the participation
and imbalance of these pathways might be the reasons for the
poor prognosis in the high-risk group. Significant differences
were found in HP-related gene expression between high- and
low-risk groups (Supplementary Figure S3B).

To summarise, the risk model based on 28 HP-related
prognostic genes can be used as an essential index to evaluate
the prognosis of GC. At the same time, multiple tumour-related
signal pathways were enriched. Significant differences were
found in the expression of HP-related genes and the distribution
of infiltrating immune cells among the two risk groups.

Different modification patterns of
HP-related prognostic genes

The risk stratification of the population was successfully
performed by building the risk model. We then classified the
patients based on meta-dataset by using the NMF method,
calculated the NMF symbiotic correlation coefficient, and
selected k=2 as the best grouping value (Supplementary
Figures S4A,B). We successfully obtained two different
modification patterns of HP-related prognostic genes in
patients with GC, termed cluster_1 and cluster_2 (Figures 4A,
B). Significant differences were observed in the survival
between cluster_1 and cluster_2 (Figure 4C, P<0.0001). A
total of 338 DEGs were identified in the two HP-related
4D
Supplementary Table S3). The clusterProfiler R package was

prognostic gene modification groups (Figure and
used to identify the function and signalling pathways of
differential genes. The results showed that bacterial invasion-
and inflammation-related pathways were enriched in cluster_1,
indicating favourable prognosis (Figures 4E,F). The enrichment
pathways of cluster_2 were mainly extracellular matrix- and
membrane protein  receptor-related  signaling pathways
(Figure 4G). The distribution of infiltrating immune cells in
cluster_1 and cluster_2 was different (Figure 4H). Specifically,
in the infiltrated cells
inflammatory stress, such as activated CD4 T cells, type 17

helper T cells, activated dendritic cells, CD56 dim natural killer

cluster 1 was rich involved in
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ribution between low- and high-risk groups. (E) Principal component

cells, and neutrophils. In contrast, cluster_2 showed infiltration of
adaptive immune cells including regulatory T cells, T follicular
helper cells, type 1 T helper cells, macrophages, mast cells, and
plasmacytoid dendritic cells. Importantly, the epithelial cell
signalling pathway in HP infection was enriched in cluster_1.
Subsequently, we verified the expression of HP-related genes
between cluster_1 and cluster_2 (Supplementary Figure S4C).
These results directly confirm the reliability of the HP-related
prognostic gene. A total of 28 HP-related prognostic genes can
accurately classify the population of GC patients, and a
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significant  difference was observed in tumour progression
between cluster_1 and cluster_2.

Generation of a HP-related prognostic
gene signature

To further explore the biological differences in HP-related
GC
constructed an HPscore system by employing the PCA

prognostic genes among individual samples, we
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NMF for HP-related prognostic genes modification patterns, biological processes, and immune cell infiltration analysis. (A) NMF heatmap of basic
components of HP-related prognostic genes expression in the two clusters. (B) Connectivity matrix for patients with gastric cancer in the meta-
dataset by NMF. (C) Kaplan-Meier curves showing survival differences between two clusters. (D) Volcano plot shows the different genes between
cluster 1 and cluster 2. (E,F) Bubble plot and gene-concerpt network shows up-regulated genes in cluster 1 involved signaling pathways. (G)
Cytoscape and enrichment maps are used to visualize the function enrichment analysis results of up-regulated genes in cluster 2 involved
signaling pathways. (H) Box plot results show differences in the distribution of infiltrating immune cells in different clusters.
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method based on meta-datasets (Figure 5A and Supplementary
Figure S5A). The T-SNE algorithm was used to visualise the
sample HPscore (Figure 5B,C), and the results showed an
apparent distance gradient among the GC samples with the
increase in the HPscore. The meta-dataset was divided into
two groups based on the optimal cutoff value: the high
Hp_Score group (n=212) and the low Hp_Score group (n=
256). Similar to the risk model, the high Hp_Score group
demonstrated a shorter survival time than the low Hp_Score
group (Figure 5D, P<0.00001). To assess the stability and
expansibility of the scoring system, the HPscores between the
internal datasets GSE15459 and GSE66229 were compared,
and no significant difference was observed between the two

datasets (Supplementary Figure S5B). External datasets
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GSE29272 (GPL96) and GSE84437 (GPL6947) were used for the
verification of the survival analysis, and the results are shown in
Supplementary Figure S5C (P=0.004) and S5D (P =0.009). We
then summarised the clinical information in meta-datasets to
verify the relationship between the HPscore and clinical features
(Supplementary Table S4). The results suggested that the
HPscore increased with the increase in the TNM stage of cancer
(Figure 5E); similar results were obtained through internal
grouping (Figure 5F). We then analysed differences in the
HPscores between the high- and low-risk groups and between
cluster_1 and cluster_2 (Supplementary Figures S5E,F). The
area under the curve (AUC) of the meta-datasets at 1, 2, and
3years were 0.64, 0.67, and 0.64 (Figure 5G), respectively. The
alluvial diagram shows the flow of modified samples with
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FIGURE 5
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different HPscores in a risk group, cluster group, stage cluster, and
survival cluster (Figure 5H). We performed unsupervised cluster
analysis based on 28 HP-related prognostic genes to determine
the relationship between different GC subgroups (Figure 5I).
The results showed a high degree of consistency between
HPscore, Risk, and Cluster, and significant differences in the
expression of three gene subgroups between the groups.

Relationship between the HPscore and
immune microenvironment

To confirm the relationship between HPscore and immune

infiltration, we scored the samples by using the ssGSEA and
xCell method. Activated CD4 T cells, type 17 T helper cells,
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TNF signalling, and IFNA signalling were mainly enriched in
the low Hp_Score,
macrophages

cells and
the high
Hp_Score (Figure 6A). The correlation analysis showed that

whereas regulatory T

were significantly increased in
the HPscore was significantly and positively correlated with
the matrix cell score (r=0.74, P<0.0001) (Figure 6B) and
microenvironment score (r=0.41, P<0.001) (Figure 6C). The
comprehensive landscape of stromal cells in the high- and
low-Hp score groups is shown in the heatmap (Figure 6D).
The number of epithelial cells in the high Hp_Score group
was found to be significantly lower than that in the low
Hp_Score group, whereas the number of fibroblasts and
endothelial cells increased significantly in the high HP group.
To study the relationship between the HPscore and

inflammation, we first verified the relationship between the
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groups.

HPscore and Hp infection in the GSE5081 dataset. Regardless of
inflammation, the Hp-positive group had a higher HPscore than
the Hp-negative group (Figure 6E). In the dataset of
inflammation induced by Hp infection (GSE60427), the
HPscore better reflected the level of inflammation (Figure 6F,
P<0.001). To evaluate the relationship between the HPscore
and cancer-related fibroblasts (CAF), we scored meta-dataset
samples based on CAF cell characteristic genes. The results
showed that the CAF enrichment score in the high Hp_Score
group was significantly higher than that in the low Hp_Score
group (Figure 6G, P <0.00001).

Immunotherapy is a significant breakthrough in tumour
therapy. We further explored the relationship between the
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HPscore and immunotherapy in the immunotherapy cohorts
IMvigor210 (Supplementary Table S5). We found that the
survival rate of patients with a high Hp_Score was lower than
that of patients with a low Hp_Score, and the response to
treatment ~ was in the high Hp_Score group

(Figures 6H-J).

worse

Analysis of the relationship between the
HPscore and tumour stemness of GC

The of tumor

progression related to the HPscore showed that the HPscore

study of the biological processes
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between two HP_score groups. (B) Prediction of HPscore-related pathways and molecular function by enrichment plots from GO analysis and
hallmark enrichment pathway. (C) Differences enrichment scores of Wnt pathway between two HP_score groups. (D) Boxplot for the significant
differences of BMDC enrichment scores between the two HP_score groups. (E) The landscape of tumor somatic mutation between the two
HP_score groups.

was positively correlated with EMT2, EMT3, Pan_f TBRS, group (Figure 7C). Similar results were obtained using

and angiogenesis in GC but negatively correlated with DNA BMDC enrichment scores (Figure 7D). Finally, the somatic
damage repair, mismatch repair, homologous mutation map in the TCGA cohort showed no significant
recombination, nucleotide excision repair, and cell cycle difference in the mutation rates of TP53, TTN, and other
regulators (Figure 7A). GSEA functional enrichment top 30 genes between the high Hp_Score group and the low
analysis suggested that EMT, Angiogenesis, cell adhesion, Hp_Score group (Figure 7E).

extracellular matrix junction, Wnt, TGF-b, Hedgehog, and
Notch pathway were widely enriched in the high Hp_Score
group (Figure 7B). Subsequently, we compared the Validation of HP-related prognostic genes
performance of gene sets related to the Wnt pathway in the

HPscore subgroup. The enrichment score of the high The TCGA-STAD dataset was used to verify the expression
Hp_Score group was higher than that of the low Hp_Score of 28 HP-related prognostic genes. The results showed that
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DOCK4, C3, ENG, and CXCL3 were highly expressed in
patients with TCGA-STAD tumours, whereas IFFO1, RASSF2,
CELF2, PLEKHO1, EMP3, S1PRI, RHOB, FBLNS5,
CASPlwere highly expressed in healthy individuals
(Figure 8A). Survival analysis in TCGA-STAD cohort show
that the patients with high expression of DOCK4, RASSF,
FBLNF or S1PRI had poorer overall survival (Figures 8B-M,
P<0.05). The results of QRT-PCR indicated that the mRNA

and
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level of DOCK4 was higher in carcinoma tissues than those in
normal tissues (Figure 8N, P=0.0126).

Discussion

HP infection is the most common risk factor for GC. The

virulence factors produced by HP affect the signal
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transmission between cells, and chronic infection of gastric
mucosa leads to changes in the local microenvironment. Most
people infected with HP do not show symptoms related to
host
environmental factors (1). First, we identified the genetic

bacterial ~ virulence, genetic  polymorphism, and
markers associated with HP infection in patients with
gastropathy by searching for HP-related literature. Because of
the lack of sample data on large-scale carcinogenesis caused
by HP infection, we used the correlation analysis to identify
the gene modification phenotype of HP-related genes in GC.
By performing systematic analysis, 28 genes were identified
for follow-up research. By constructing a prognostic risk
model and through NMF grouping, we identified two clinical
tags of 28 genes: “prognostic indicators” and “HP infection
associated.” Based on the results, we considered 28 genes as
HP-related prognostic genes in GC. Then, we created an
HPscore system to quantify the modification characteristics of
these 28 HP-related prognostic genes in the samples and
determined the accuracy and stability of the HPscore system
by using external datasets. After stringent verification, we
concluded that the HPscore system can accurately reflect the
status of HP infection and survival outcome in patients with
GC. To confirm our inference, we successfully divided the
patients with GC into two subgroups based on differences in
the HPscore. Differences in the survival outcomes and HP
infection status between subgroups were significant, which
increased our confidence in continuing using HPscore to
explore the detailed mechanisms of HP pathogenesis.

To the best of our knowledge, this study is the first to
determine the relationship between HP infection and the 39
genetic markers identified through the ROC curve analysis.
Our results showed that the areas under the ROC curve of the
three datasets were >0.7, indicating that the 39 gene sets could
accurately reflect the status of HP infection. To further
explore the role of HP infection in GC, we performed
correlation analysis to identify potential regulatory genes of
HP in GC based on the meta-dataset. To improve the
association between these genes and HP, we used HP+ and
HP— differential gene datasets to screen the regulatory gene
sets used in the previous step. Subsequently, the survival data
were introduced into the analysis and by using univariate Cox
analysis, we identified 28 genes for follow-up research. The
results of the protein interaction network suggested that C3,
CSFR, SIPRI, CXCR6, and CXCL3 could be primarily
involved in HP pathogenesis. HP cytotoxin-associated gene A
(CagA) has been reported to relieve the inhibitory effect of
TGF- p on CXCL3 and aggravate the inflammatory response
(17). Studies have reported that SIPRI is associated with the
differentiation of memory T cells (18-20) and affects the
prognosis of GC by promoting chemotherapy resistance (21,
22). As expected, the 28 genes were strongly associated with
tumour immune-infiltrating cells. In addition, C3 (23), CSFR
(24-26), CXCR6 (27-29), and CXCL3 (30) have been
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identified as immune-related factors, and their misexpression
in GC affects prognosis (24, 29, 31, 32). Our GO and KEGG
analysis results also suggested that these genes are involved in
immunoregulation and tumour progression pathways. Then,
we used the TCGA-STAD dataset to evaluate the expression
of these 28 genes in benign and malignant tissues and their
mutations in tumour samples. However, the results of this
analysis could not provide valuable insights. Therefore, to
further explore the relationship between these 28 genes and
the prognosis of GC, we selected five of them to construct a
prognostic risk model based on multivariate Cox analysis.
Risk prediction models based on polygenic characteristics are
commonly used to predict survival outcomes of patients with
cancer (33-35). Our prognostic model showed that the
expressions of LAG3 and CASPI were negatively correlated
with poor prognosis in patients with GC. LAG3 inhibits the
growth of GC and promotes the secretion of CD8+ T cells,
IL-12, and IFN- y (36), and the expression of LAG-3 on T-cell
surface can be used as a reasonable biomarker of anti-PD-1
therapy (37, 38). In addition, CASPI has been shown to be
activated by HP infection (39, 40). It has both pro-
inflammatory and anti-inflammatory effects because of its
different substrates (41). The expression of the other three
genes, namely MAFB, DKK3, and PDLIM7, was positively
correlated with the poor prognosis of patients with GC. Our
results suggested that the risk model based on 28 genes can
separate the population and exhibits a superior performance
in predicting the prognosis of patients with GC. While
analysing the difference in infiltrating immune cells between
the high- and low-risk groups, our results suggested that the
activated CD4+ T cells and CD8+ T cells, rather than
regulatory T cells, are highly enriched in the low-risk groups,
which is consistent with the molecular function of LAG3 and
CASP1. To understand the underlying mechanism of poor
prognosis in high-risk populations, the GSEA was used to
identify significantly enriched signalling pathways in the high-
risk populations. The results suggested that the high-risk
the

tumour

group were enriched in angiogenesis, hypoxia,

macrophage autophagy, and stem cell-related
signalling pathway. A report showed that the expression of
MAFB oncoprotein is regulated by the cytolethal distending
toxin of enterohepatic HP (42), and MAFB is specifically
expressed in tumour-associated macrophages to induce
angiogenesis (43). In addition, studies on osteosarcoma have
reported that MAFB increases the expression of stem cell
regulatory factor SOX9 at the transcriptional level (44).
Overall, the activation of carcinogenic pathways induced by
misexpression of 28 genes is the cause of poor prognosis in
the high-risk group. Here, we identified the first clinical tag of
28 genes: prognostic indicators.

To observe differences among the samples with different
modified states of 28 genes, we further divided the patients

with GC into two by using the NMF method, namely
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cluster_1 and cluster_2. The survival analysis suggested a
significant difference in survival between the two groups of patients
with GC. The difference analysis showed that cluster 1 with
favourable prognosis had a higher expression of immune-related
factors, such as CCL20, CXCL2, and CXCL3, and is supported by
the signalling pathway analysis. Cytokines, chemokines, and
inflammatory response-related signalling pathways were widely
enriched in cluster_l. In addition, the enrichment of HP signalling
pathway was observed in cluster_1, suggesting that cluster_1 is
closer to the state of inflammatory response in the early stage of HP
infection. To prove this result, we compared the distribution of
infiltrating immune cells between cluster_1 and cluster_2. The
results were similar to those observed in the case of high- and low-
risk groups. Activated CD4+ T cells, type 17 helper T cells, and
neutrophils were highly enriched in cluster_1. This result supported
that HP-induced diseases are mainly mediated by Thl cells and
Th1 cytokines (3). In addition, TH17 helper cells fight against the
immune response of extracellular bacteria and moulds, and the
cytokines released by the helper cells mainly activate neutrophils
(45). and are highly consistent with our results. Combined with the
aforementioned results, we identified the second clinical tag of 28
genes: HP infection-related feature. Subsequently, we re-verified the
difference in the expression of HP prognosis-related genes between
cluster 1 and cluster_2, which suggested that HLA-DMA, CASPI,
CXCR6, LAG3, VNN2, and CXCL3 were highly expressed in
cluster_1. VNN2 is a haematopoietic stem cell marker (46, 47), that
participates in inflammation and leukocyte migration (48).
However, the role of VNN2 in GC is unclear. Based on the
aforementioned results, we defined these 28 genes as HP-related
prognostic genes.

To evaluate the modification patterns of HP-related prognostic
genes in a single sample, we established a scoring system based on
28 HP-related prognostic genes and termed it as the HPscore.
Comprehensive analysis showed that the HPscore is related to
tumour progression and affects tumour prognosis. HP infection
leads to the imbalance of DNA methylation in gastric mucosal
epithelial cells of the host (49-52). As a result, some proto-
oncogenes are activated to induce cancer (53). Microsatellite
instability (MSI) in GC also showed specific hypermethylation of
DNA (54). Surprisingly, a negative correlation was observed
between the HPscore and DNA methylation stemness index and
mutation load in TCGA datasets. After optimising the DNA
methylation index, the HPscore became unrelated to the DNA
methylation level (the results are not shown). In terms of clinical
features, MSI was also not related to the HPscore (the results are
not provided). The reason may be that in the TCGA-STAD
dataset, mDNAsi derived from the one-class logistic regression
machine learning algorithm (OCLR) does not sufficiently reflect
the methylation level of GC (the high level of tumour cell
stemness index in this study is a protective factor for GC
prognosis). As reported previously, GC may have multiple stem
characteristics  or

cell-like  genomic non-stem phenotypes

dominated by hypermethylation (55). Excitingly, we compared
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the differences in nucleotide_excision_repair, DNA_damage_
repair, homologous_recombination, mismatch_repair, and
cell_cycle_regulators between the high- and low-score arrays, and
the results confirmed our HPscore system. In the high-score
group, the ability to repair DNA damage was generally low,
suggesting that HP infection impairs the autonomous repair
function of cells (56). In addition, the two HPscore groups
showed different TME permeation characteristics. The low-score
group showed a stronger inflammatory response, whereas the
high-score group was accompanied by a large number of stromal
cells including fibroblasts and endothelial cells. The subsequent
results showed that the enrichment score of CAF markers in the
high-HPscore group was higher than that in the low-HPscore
group. However, no difference was observed in the HPscores
between normal fibroblasts and tumour-associated fibroblasts,
suggesting that the modification of HP-related prognostic genes
in tumour cells induces the transformation of NF to CAF rather
than to fibrous cells. In chronic inflammation and cancer, tissue-
resident fibroblasts become the critical cell types that regulate the
activation or inhibition of the immune response (11). Fibroblasts
assist immune cells to maintain an effective inflammatory
environment in  chronic inflammation and promote
immunosuppression in malignant tumours to assist tumour cells
in immune escape (10, 11). In addition, fibroblasts are necessary
for the synthesis and remodelling of the extracellular matrix
during angiogenesis and germination (57). These new blood
vessels bring bone marrow-derived suppressor cells, including
BMDCs, into the TME. Chronic HP infection can lead to BMDC
recruitment to promote the stemness-like characteristics of GC
cells (5, 58). Our results also supported this conclusion. GSEA
results suggested that various tumour stem cell-related signalling
pathways, such as the Notch signal pathway, Wnt pathway, and
Hedgehog pathway, were enriched in the high-score group.
BMDCs associated with HP were also significantly enriched in
the high-score group. In addition, our study suggested that the
Wnt pathway plays a key role in the carcinogenesis induced by
HP infection. Studies have reported that HP promotes tumour
progression by activating the Wnt/B-catenin pathway (59, 60)
and promotes CSC-like characteristics in GC cells (61); these
findings are consistent with those of our study. After optimising
the tumour stem cell index, we found that the HPscore was
the
Simultaneously, we also proved the positive correlation between
the HPscore and EMT and F-TGF-B. These results suggested that

HP helps tumour immune escape and angiogenesis by activating

positively  correlated  with tumour stemness index.

fibroblasts and recruits BMDCs to enhance the characteristics of
GC stem cells and promote cancer development, in which the
Wt signalling pathway plays a key role.

Combined with the aforementioned evidence, we studied the
role of HPscore in treatment. We first evaluated the relationship
between the HPscore and PD-L1. Unfortunately, the predictive
value of the HPscore in PD1 and anti-PD-L1 immunotherapy is
unstable. To date, no detailed report on the relationship between
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HP infection and PD1/PD-L1 is available. Because of the complexity
of the TME, only a few patients benefit from the treatment of
immune checkpoint block (62). Our HPscore may not perform
well in diseases that are not related to bacterial infections. Hence,
more experiments are needed to verify the interaction between HP
and PD-L1. We then predicted the therapeutic efficacy of
antimicrobials by using the HPscore. Based on the limited data, we
found that the HPscore was positively correlated with the degree of
gastritis, which can help predict the grade of gastritis.
Metronidazole is used to treat various infectious diseases including
HP infection. Studies have reported that the sensitivity to
metronidazole decreases in patients with HP infection (63, 64). In
the vaginitis data set, the HPscore decreased significantly after
three weeks of metronidazole treatment. These results showed that
the HPscore plays a guiding role in clinical diagnosis and efficacy
evaluation. However, our study has many limitations. First,
because of the complexity of HP pathogenesis, the existing HP
metadata could not fully reflect the status of HP infection. Second,
we found a stronger correlation of HP infection with stromal cells
than with the infiltrating immune cells. This result indicated that
more communication might exist between stromal cells and HP.
Finally, the mechanism through which HP recruits BMDCs
remains to elucidated experimentally in detail.

Conclusions

In conclusion, the HPscore can comprehensively evaluate the
permeability characteristics of the individual TME and drug
efficacy in patients with GC. In this study, we used HP-related
gene datasets to derive the characteristics of HP-related prognostic
genes for the first time. Based on the HPscore system, we showed
the comprehensive view of the TME of the sample shaped by HP-
related prognostic gene modification. Clinically, the HPscore can
predict the inflammatory grade of patients with gastritis and reflect
the therapeutic effect of metronidazole. Our findings provide a
basis and framework for better understanding the carcinogenic
mechanism in patients infected with HP and develop an efficient
tool for personalised and effective treatment strategies.
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Comparative study on the
clinical effect of preparing
neobladder with different
lengths of ileum
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Pu Zhang* and Dahong Zhang*

Urology and Nephrology Center, Department of Urology, Zhejiang Provincial People’'s Hospital,
Affiliated People's Hospital, Hangzhou Medical College, Hangzhou, China

Objective: To investigate the relationship between orthotopic U-shaped ileal
neobladder volume and bladder function. To investigate the correlation
between the volume of the radical cystectomy and the U-shaped ileal
neobladder in situ and the function of the bladder.

Methods: The clinical data of patients undergoing in orthotopic U-shaped
neobladder in our hospital were retrospectively analyzed. They were divided
into two groups according to the length of the retained ileum. Group 1: The
length of the ileum was 25-35cm (including 35cm), and the second group: the
length of the ileum was 35-45cm. The basic information, cushion usage,
urodynamic examination and complications of the two groups were obtained.

Results: A total of 88 patients were included in the study, including 33 in the
first group and 55 in the second group. There was no statistical difference in
general data, lymph node collection, lymph node positive rate, positive
margin rate, postoperative pathological stage, pathological grade,
pathological type, intraoperative blood loss, blood transfusion,
postoperative hospital stay, and complications between the two groups of
patients. significance. Although the usage of urine pads in group 1 was more
than thatin group 2 in the short term after operation (P<0.05), it started from
the third year after operation. Patients in group 1 used less cushion than
group 2 (P<0.05). Urodynamic examination was performed on the patients,
and the bladder function of group 1 maintained satisfactory time longer than
that of group 2. The total number of deaths in the two groups was 12 and 23,
respectively. The 5-year overall survival (OS) rate of group 1 was 53.60%, and
the 5-year overall survival rate of group 2 was 52.9%.

Conclusions: A new bladder formed by cutting the ileum with a length of 25-35
cm (including 35cm) has a longer time to maintain good bladder function than
cutting the ileum with a length of 35-45 cm to produce a new bladder.

KEYWORDS

bladder tumor, radical cystectomy, ileal neobladder surgery, bladder volume,
bladder function
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Introduction

Currently, urinary reconstruction is divided into two
categories: incontinence diversions, including ileal conduit
(Bricker) diversion, and continental diversions, such as skin
reservoirs and orthotopic neobladder connected to the urethra
(1). In orthotopic neobladder surgery is the closest to a normal
bladder in terms of anatomy and function, does not require an
abdominal wall stoma, maintains a good personal image,
and improves the quality of life. It has been popularized
and applied in recent years (2, 3). Urinary control after
neobladder surgery is mainly affected by the anatomical
preservation of intraoperative neurovascular and sphincter.
We retrospectively analyzed the clinical data of 88 patients
with locally advanced bladder cancer in our hospital from May
2014 to May 2019. The patients were divided into two groups
according to the length of the ileum intercepted during the
operation, thereby affecting the size of the bladder capacity.
The length of the intercepted ileum in one group was 25-35cm,
and the length of the intercepted ileum in the second group
was 35-45cm. To explore the correlation between different
bladder capacity and bladder function.

Materials and methods

This study reviewed 88 cases of locally advanced bladder
cancer (cT2-3) admitted in our hospital from May 2014 to May
2019. The inclusion criteria included patients with better urinary
control through preoperative urodynamic examination. Patients
complete a follow-up for 2-7 years after surgery. The patients
were divided into two parallel observation groups according to
the length of the ileum intercepted during the operation.
Observation group one: 33 cases, 30 males and 3 females; age
from 48 to 77 years old with an average age of 60 years;
Observation group 2: A total of 55 cases, 50 males and 5
females; aged 46-82 years old, with an average age of 64 years
old; the two groups of patients have different ileum interception
lengths. Observation group one: the length of the ileum cut was
25-35cm; the observation group two: the length of the cut ileum
was 35-45cm.

The operations were performed by the same team of
experienced doctors. Both groups of patients were under
general anesthesia, and the patients were in a supine
position. After entering the pelvic cavity through an
abdominal incision, they underwent lymph node dissection
and cystectomy. Separate a section of ileum from the ileocecal
area, and perform a U-fold folding with the extremities facing
the patient’s head. A mechanical stapler is used for lateral
intestinal-intestinal anastomosis to establish intestinal
continuity. The separated intestinal segment is folded in a
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U-shape, and the jaws of the mechanical stapler are placed
into the intestinal segment opening for cutting and
anastomosis. In order to complete the pouch to the tube, an
opening is made at the lowest point of the U-shaped ileum,
and the jaws of the mechanical stapler pass through the
opening to complete the U-bag.

We use the cutting closure device to make the U-shaped
neobladder of the ileum. This method reduces the length of the
intestine required and reduces the tension between the urethra
and the anastomosis of the neobladder. The neurovascular
bundle is preserved during the operation. After the operation,
a new bladder is flushed through a catheter to dilute the ileal
mucus and prevent the catheter from being blocked.
Postoperative angiography was performed to evaluate reflux
and leakage.

We collected and evaluated the basic data of the two
groups of patients, the clinical stage of the tumor, the
volume of the new bladder, the residual urine volume, the
maximum urine flow rate, the recovery of postoperative
urinary control, and postoperative complications. The
standard for good urinary control after surgery: the number
of urine pads used is less than or equal to 1 piece (4), and the
number of urine pads used for poor urinary control is> 1
piece. Detect maximum bladder volume, residual urine
volume, maximum urine flow rate, etc. according to the
technical report standards of the International Association
of Urological Control. The bladder function of the two groups
was compared through regular outpatient check-ups and
telephone follow-up.

Postoperative follow-up was conducted in the form of
telephone contact and outpatient follow-up, with an interval
of 3 months in the first year, 6 months in the second year, and
annual follow-up. The bladder function training after the
operation is carried out about 1 week after the operation, and
the urinary catheter is clamped and opened regularly. The
time starts from every half hour and gradually opens once
every 2 to 3 hours. The urine output varies from low to high,
until about 250 mL of urine is excreted from the catheter each
time. The urination habit training is carried out after the
catheter is removed. According to the patient’s living habits
and activity requirements, a urination plan is formulated.
Generally, the patient is instructed to urinate 6 to 8 times
during the day and 2 to 3 times at night. Voiding pattern
training: They are taught to empty the neobladder by
increasing intra-abdominal pressure and relaxing the
pelvic floor. Urinary continence training: by repeatedly
contracting and relaxing the pelvic floor muscles, to restore
urinary continence as soon as possible and eliminate
urinary incontinence.

The SPSS 25.0 software was used to statistically process the
data, and the Kruskal-Wallis, T test and X2 test were used to
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analyze the data. The difference was statistically significant
with P<0.05.

Results

We evaluated 88 patients who underwent surgery. The
median follow-up time of 33 patients in observation group 1
was 44 months (27-65 months), and the median follow-up time
of 55 patients in observation group 2 was 65 months (42-82
months). There was no significant difference in the follow-up
time between the two groups (P>0.05). The BMI of most patients
was within the normal range, and the difference between the two
groups was not statistically significant. There was no significant
difference in the clinical staging of tumors between the two
groups. There was also no significant difference in diabetes and
postoperative pathological lymph node positive between the two
groups (Table S1).

There was no significant difference in preoperative
hematological indexes (including Cr, BUN, HP) between the
two groups. The operation time of group 1 was slightly shorter
than that of group 2, but the difference was not statistically
significant. There was no significant difference in estimated
intraoperative blood loss between the two groups (344.0 +
159.0 VS 359 + 163.1 P=0.629). The number of intraoperative
or postoperative blood transfusions in group 2 was more than
that in group 1, but there was no significant difference in blood
transfusion between the two groups. The postoperative hospital
stay was 16.0 = 3.3 VS 17.8 + 4.4 in the two groups respectively,
and the difference was not statistically significant. There was no
significant difference in early postoperative complications and
late complications (Table S2)

The results showed that in our perioperative complications
study, the electrolyte disturbance in group 1 was less than that in

TABLE 1 Perioperative and postoperative information of the two groups.

Variable Groupl

Perioperative complications
Infection
Gastrointestinal tract related

Urinary fistula

o N W N

Disturbance of electrolyte
Postoperative complications
Infection
Chronic pyelonephritis
Kidney seeper
Bladder calculi

aow W w;

Gastrointestinal tract related 3
Time to flatus 355+ 16.5

Time to bowel 116.1 £ 21.3
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group 2 (P <0.05), and the incidence of hydronephrosis in group
2 was significantly higher than that in group 1. The time of
exhaust and defecation in group 1 was significantly earlier than
that in group 2, and there was no significant difference in other
complications between the two groups. (Table 1).

The usage of the changing pad reflects the bladder function
of the patient. One year after the operation, the daily usage of
urine pad in observation group 2 was less than that in
observation group 1. At the same time, more than half of the
patients have good urinary control ability during the day and
only need to use the urine pad at night. With the prolongation of
monitoring time, the use of urine pads in both groups improved
significantly. By the second year after surgery, there was no
statistically significant difference in the use of changing pads and
the use of changing pads during the day and night between the
two groups (P>0.05). Further follow-up, regardless of the
comparison of the usage of the urine pad and the usage, the
observation group 1 was significantly better than the observation
group 2 (Table 2).

The use of changing pads reflects the patient’s ability to
control urine. At 1 year after surgery, the daily usage of changing
pads in group 2 was less than that in observation group 1. At the
same time, more than half of the patients had good urination
control during the day, and only needed to use a urine pad at
night. With the extension of follow-up time, the use of urine
pads in both groups was significantly improved. By the 2nd year
after operation, the patients in the two groups were better than
the patients in the first group in terms of the number of urine
pads used and the use of the white night pads. With the
extension of follow-up time, the number of patients in group 1
gradually decreased, while the use of pads in group 2 increased
gradually after the third year of follow-up (Table 3).

The size and wetness of the pad are important indicators of
urinary incontinence. In our study, the size of day and night pad

Group2 Pvalue
12 0.947
8 0.677
2 0.629
27 0.044
10 0.714
10 0.394
17 0.036
10 0.714
7 0.862

445£17.2 0.013

125.7 £23.9 0.045
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TABLE 2 Postoperative pathological results of bladder cancer patients in two groups.

Variable Group 1
Surgical margins
Negative 31
Positive 2
Number of lymph nodes retrieved 18.0 £2.8
Positive lymph node 2
Pathological stage
Tis 3
T1 19
T2 7
T3 4
Tumor grade
Gl 6
G2 17
G3 10
Pathological type
Transitional cell carcinoma 31
Squamous cell carcinoma 2
Adenocarcinoma 1

use in group 1 was significantly smaller than that in group 2. It
was found that there was no significant difference between group
1 and group 2 in the degree of pad wetting during the day
(P =0.073). However, the pads were significantly wetter at night
in group 2 than in group 1 (Table 4).

Within 1 year after the completion of radical bladder
resection and orthotopic U-shaped neobladder, there was no
significant difference in residual urine between the two groups
(P>0.05). Subsequently, the bladder residual urine in observation
group 1 was significantly less than that in observation group 2,
and the difference in average residual urine volume between the
two groups gradually increased. The residual urine volume of
observation group 2 first showed a downward trend, and
gradually increased in the 4th year after surgery. The
maximum urine flow rate can reflect bladder function. The
average maximum urine flow rate of observation group 1 after
operation showed an upward trend. By the fifth year after
operation, the average maximum urine flow rate was 19.0 +
2.3 mL/s. However, the peak of the maximum urine flow rate in
observation group 2 was in the 4th year after surgery. Too large
or too small a new bladder will affect the function of the bladder.
The longer it stays within a certain range, the more beneficial it
will be to the patient’s postoperative urine control. Due to the
different length of the intercepted ileum between the two groups
of patients, the maximum bladder volume after the operation of
the two groups has always been different (Table 5).

The follow-up time of the patients in the two groups was
43.8 £ 13.0 and 47.5 £ 15.7 months, respectively, and the overall
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Group 2 P value
0.629
53
2
192£35 0.099
2 0.629
0.984
6
32
12
5
0.607
15
24
16
0333
50
3

deaths were 12 and 23, respectively. The 5-year overall survival
(OS)in group 1 was 53.60%, and the 5-year OS in group 2 was
52.90% (Figure 1). There was no significant difference in OS
between the two groups.(P = 0.657; HR = 0.855; 95CI = 0.429
to 1.705).

Discussion

Among urinary system tumors, the incidence or mortality of
bladder cancer is extremely high. Radical cystectomy (RC) +
urinary diversion (UD) is the gold standard for the treatment of
muscular invasive bladder cancer and high-risk non-muscular
invasive bladder cancer (5). As the age of onset of bladder cancer
tends to be younger and medical conditions improve, many
patients still have strong social requirements at the time of onset.
RC+traditional urinary diversion surgery requires an abdominal
wall stoma and an external urine bag, which affects the quality of
life of patients after surgery. With the rise of the concept of
urinary system reconstruction, especially the development of “in
orthotopic ileal neobladder” surgery, bladder orthotopic
reconstruction as a controllable urinary diversion surgery is
gradually being carried out in various medical centers.
However, this procedure takes a long time and the surgical
technique is difficult, leading to its slow development. For this
reason, urologists are actively exploring bladder reconstruction
techniques in order to build an “ideal” new bladder with a
shorter operation time and smaller abdominal incisions.
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TABLE 3 The use of changing pads by patients.

Variable Group 1

One year after surgery
Pads per 24 h

0-1 17/33 (51.5)
22 16/33 (48.5)
Pad use

Day only 0/33 (0)
Night only 17/33 (51.5)
Day and night 16/33 (48.5)

Two years after surgery

Pads per 24 h

0-1 22/31 (71.0)
>2 9/31 (29.0)
Pad use

Day only 0 (0)
Night only 24/31 (77.4)
Day and night 7/31 (22.6)

Three years after surgery
Pads per 24 h

0-1 20/24 (83.3)
>2 4/24 (16.7)
Pad use

Day only 1/24 (4.2)
Night only 17/24 (70.8)
Day and night 4/24 (16.7)
No 2/24 (8.3)

Four years after surgery

Pads per 24 h

0-1 12/14 (85.7)
>2 2/14 (14.3)
Pad use

Day only 1/14 (7.1)

Night only 8/14 (57.1)
Day and night 2/14 (14.3)
No 3/14 (21.4)

Five years after surgery

Pads per 24 h

0-1 6/7 (85.7)

>2 1/7 (15.3)
Pad use

Day only 0(0)

Night only 5/7 (71.4)

Day and night 1/7 (14.3)

No 1/7 (14.3)

Experience has shown that non-absorbable titanium nails have
been safely used in various urology laparotomy and laparoscopic
removal and reconstruction operations, including bladder cuff
resection in nephroureterectomy. Based on this, Abreu (4) and
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Group 2 P value

0.032
40/54 (74.1)
14/54 (25.9)
0.017
0 (0)
41/54 (75.9)
13/54 (24.1)

0351
40/50 (80.0)
10/50 (20.0)
0559
0 (0)
42/50 (84.0)
8/50 (16.0)

0.032
26/44 (59.1)
18/44 (40.9)
0367
2/44 (4.5)
27/44 (61.4)
14/44 (31.8)
1/44 (2.3)

0.040
16/33 (48.5)
17/33 (34.8)
0.004
1/33 (3.0)
13/33 (39.4)
19/33 (57.6)
0/33 (0)

0.021
8/21 (38.1)
13/21 (61.9)
0.048
0(0)
6/21 (28.6)
15/21 (71.4)
0

others reported their ileal neobladder operation, which has the
characteristics of “simple, fast and effective”. Using a mechanical
stapler can quickly establish a new ileal bladder and significantly
reduce the operation time. Inspired by this research, we carried
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TABLE 4 Patterns of mucus leakage for two groups.

Variable Groupl
Pad size(daytime)

No use 6/7
Small 0/7
medium 1/7
Large 0/7
Pad size(nighttime)

No use 1/7
Small 3/7
medium 1/7
Large 217
Pad wetness(daytime)

No use 6/7
Almost dry 0/7
Slightly wet 1/7
Wet 0/7
Soaked 0/7
Pad wetness(nighttime)

No use 1/7
Almost dry 1/7
Slightly wet 4/7
Wet 1/7
Soaked 0/7

out laparoscopic use of mechanical stapler and closing device to
establish ileal neobladder.

There are some technical difficulties in the operation of
RARC combined with urinary diversion. Previous experience
shows that RARC is feasible to combine with urinary diversion,
and is superior to LRC and ORC in many aspects (including
Urinary function) (6-8). The team has rich LRC/RARC
operation experience. In our previous research, we found that
both RARC and LRC are safe and effective (9).

Initially, we used a 35-45 cm ileum for neobladder
preparation during laparoscopic in orthotopic U-shaped ileal
neobladder surgery. During the postoperative follow-up of the
patient, it was found that the bladder function did not meet our
ideal expectations. After analysis, it was found that the new
bladder capacity expanded too quickly with time, and the time to
maintain good bladder function was too short. To this end, we
actively explored a shorter ileum for neobladder preparation,
and finally decided to use a 25-35cm length of ileum for
neobladder preparation.

After orthotopic bladder replacement, the most noteworthy
issues include urinary tract changes and urinary dysfunction. As
urine fills the new bladder, it acts as a low-pressure reservoir.
During urination, the pressure on the abdomen, renal pelvis, and
bladder increase at the same time, and the use of Valsalva will
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Group2 P value

<0.00
6/21
1/21
8/21
6/21
0.042
0/7
4/21
14/21
3/21
0.073
6/21
1/21
3/21
3/21
8/21
0.025
0/7
2/21
3/21
10/21
6/21

promote the emptying of urine without reflux (10, 11). In
addition, the unidirectional peristalsis of the ureter and
proximal segment of the ileum acts as a dynamic anti-reflux
system during the filling phase (12).

In this study, 88 patients who used bladder substitutes were
followed up for at least 2 years. In the comparison of the rate of
daytime urinary incontinence, the incontinence rate of
observation group 1 was higher than that of observation group
2 in the first year after operation (36.4% VS 23.6%); by the
second year after operation, the difference in the rate of day
incontinence between the two groups decreased (24.2% VS
16.4%); from the third year after the operation, the day
incontinence rate of observation group 1 was always lower
than that of observation group 2 during the follow-up period:
(3rd year after operation: 8.0% VS 9.1%; fourth year after
operation: 5.9% VS 13.0%; the fifth year after surgery: 0% VS
34.3%);. The nocturnal incontinence rate of the two groups also
showed the above trend, (the first year after surgery: 42.4% VS
27.3%; the second year after surgery: 27.3% VS 25.5%; the third
year after surgery: 20.0% VS 23.6%; the first year after surgery:
20.0% VS 23.6%; Four years: 11.8% VS 34.8%; fifth year after
surgery: 14.3% VS 37.1%). According to reports, the urinary
control rate after Intracorporeal orthotopic neobladder is 80-
100% during the day and 45-90% at night (13-15).
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TABLE 5 Patient’s urodynamic parameters.

Variable Group 1
One month after surgery n=33
Residual urine 66.4 + 16.4
Maximum flow rate (mL/sec) 8.8 +2.1
Maximum reservoir capacity (mL) 232.6 +27.0
Six months after surgery n=33
Residual urine 685+ 123
Maximum flow rate (mL/sec) 103+ 24
Maximum reservoir capacity (mL) 305.0 + 28.3
One year after surgery n=33
Residual urine 55.0 + 14.5
Maximum flow rate (mL/sec) 129 £ 2.8
Maximum reservoir capacity (mL) 361.0 + 33.2
Two years after surgery n=31
Residual urine 428 +17.1
Maximum flow rate (mL/sec) 15.8 + 3.6
Maximum reservoir capacity (mL) 390.1 + 31.1
Three years after surgery n=24
Residual urine 36.3 +20.7
Maximum flow rate (mL/sec) 175 £ 3.8
Maximum reservoir capacity (mL) 413.6 + 34.8
Four years after surgery n=14
Residual urine 29.8 +21.7
Maximum flow rate (mL/sec) 18.6 £ 2.8
Maximum reservoir capacity (mL) 443.9 + 28.8
Five years after surgery n=7
Residual urine 231+153
Maximum flow rate (mL/sec) 19.0 + 2.3
Maximum reservoir capacity (mL) 456.0 £ 53.6

This difference may be due to the inconsistent definition
of urinary incontinence and the inconsistent initial
bladder capacity.

Other data also show that the control of urination during the
day is better than that at night (16). It may be related to the loss
of local spinal cord reflex arc, decrease of striated muscle tone
and nighttime diuresis. In our study, in the observation group,
100% daytime self-control and 88.2% night self-control were in
the 5th and 4th year after surgery. In the observation group,
90.9% of the daytime self-control and 76.4% of the night self-
control were in the 3rd year after the operation. Adequate
capacity and high compliance of the new bladder may
significantly improve the patient’s urinary control rate.

In the urodynamic study, the average residual urine volume
after urination of the new bladder in observation group 1
gradually decreased with the extension of follow-up time, and
was 224 + 19.8 mL at the fifth year after surgery. The average
residual urine volume of observation group 2 entered a plateau
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Group 1 P value
n=55
75.8 +19.4 0.296
92+18 0.169
3124 +24.4 0.000
n=55
67.5+17.5 0.581
124 £ 2.1 0.542
387.1 +27.1 0.000
n=>54
583 + 252 0.826
13.1+£1.2 0.740
440.1 £ 30.1 0.000
n=50
54.1 +44.3 0.038
152 + 35 0.310
471.1 £ 33.6 0.000
n=44
51.3 £29.6 0.036
159 + 3.7 0.040
509.1 + 35.1 0.000
n=33
55.4 + 37.6 0.018
17.0 £ 3.1 0.023
543.2 + 36.5 0.000
n=21
64.0 + 58.0 0.036
142 +£35 0.001
581.2 +41.3 0.037

after a period of decrease, and even tended to rise. The maximum
bladder capacity of the two groups of neobladder was gradually
increasing, and by the fifth year of follow-up, they were 456.0 +
53.6 and 581.2 + 41.3 mL, respectively. The maximum urine flow
rate of the two groups of patients gradually increased with the
recovery of the external sphincter strength and other factors, and
the maximum values were 19.0 + 2.3 and 17.0 + 3.1 mL/sec. From
the analysis of urodynamic data, the bladder function of
observation group 2 gradually recovered after the operation, but
by the fourth to five years of follow-up, the increase of residual
urine and the decrease of maximum urine flow rate indicated the
decline of bladder function. The possible reason is that the new
bladder is too large. Although the longest follow-up time in this
study was 5 years, there were still some patients with short follow-
up time. At the same time, the small number of enrolled patients is
also the weakness of this study.

Radical cystectomy and orthotopic neobladder surgery still
have obvious complications. And the reporting rate and types of
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FIGURE 1

Kaplan—Meier curves of overall survival comparison in patients treated with group 1 versus group 2. 5-years-OS = (group 1: 53.60%, group 2:
52.80%; P = 0.657; HR = 0.855; 95CI = 0.429 to 1.705). Log-rank test: P=0.655.

complications vary greatly (17-20). Early complications include
bleeding, pulmonary complications, gastrointestinal and urinary
system infections. Late complications are mainly affected by
urinary diversion, including pyelonephritis, renal atrophy,
bladder stones, and anastomotic stenosis.

The incidence of neo-bladder bacterial colonization
associated with residual urine is 40-80% (21-23). Then, as the
disease progresses, it gradually develops into obvious
pyelonephritis (24). In our study, 4 and 5 patients in the two
groups had postoperative pyelonephritis (Table 2). In the case of
excluding urinary tract obstruction, urinary bacterial culture and
drug sensitivity can better control the infection.

Studies have shown that anastomotic stenosis is one of the
serious complications of orthotopic neobladder, and its
incidence is 2.49% (25, 26). Severe ureterintestinal anastomosis
stenosis leads to moderate to severe hydronephrosis and affects
renal function. Urethral neobladder anastomotic stenosis will
affect the emptying of urine and can be treated by dilatation of
the urethra or a second operation. Another complication that
affects urine emptying is neurogenic bladder. Due to radical
cystectomy to clean the pelvic floor lymph nodes, it may cause
damage to the proximal urethra and pelvic floor nerves. Such
patients need long-term pelvic floor muscle exercises. One of the
main concerns of the stapled reservoirs used in this study is the
formation of stone. In Fontana et al (27) and Porena et al (28)
study, the median follow-up period of 20 months and stone
incidence of 64 months were 6% and 16%. In our study, the
incidence of bladder stones was higher than in previous studies.
Although titanium staples are conducive to the formation of
stones, we have also noticed in this study that some stone
patients have urinary tract infections and urinary retention at
the same time. Therefore, we believe that there are many reasons

Frontiers in Oncology

53

for the formation of stones, not only related to titanium staples,
but urinary tract infection is also an important factor.

Conclusion

In short, orthotopic ileal neobladder is technically feasible.
Our results show that the 25-35cm ileum-made bladder takes
longer to maintain good bladder function than the 35-45cm
ileum-made bladder to maintain good bladder function. It
provides a new choice for the selection of the truncated length
of the orthotopic ileum bladder. Although the follow-up time of
observation group 1 was shorter than that of observation group
2, and with the extension of time, the number of people included
in observation group 2 gradually decreased, and there was a
certain selection deviation in the data, which made the results of
the study have certain limitations. However, this study has
certain reference significance for obtaining the ileum length
from the orthotopic ileal neobladder.
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Background: In recent years, the role of BAll-associated protein 2-like 2
(BAIAP2L2) in the prognosis and immune microenvironment of various
cancers has attracted increasing attention. However, its clinical value and
immune infiltration in liver hepatocellular carcinoma (LIHC) remain unclear.

Objective: To investigate the prognostic value of BAIAP2L2 and its correlation
with immune infiltration in LIHC, we conducted corresponding data mining.

Methods: In this study, The Cancer Genome Atlas, GTEx, StarBase, UALCAN,
TIMER, GEPIA, Human Protein Atlas, Kaplan—Meier Plotter, cBioPortal,
LinkedOmics, STRING and BioGPS databases were used to analyze BAIAP2L2
in cancers. Logistic regression and Cox regression were performed to
analyze the correlation between clinical features and BAIAP2L2 expression in
LIHC. In addition, the diagnostic and prognostic values of BAIAP2L2 in LIHC
were determined by receiver operating characteristic (ROC) curves and
nomograms. Single-sample gene set enrichment analysis (ssGSEA), BioGPS
and TIMER were used to analyze the correlation between BAIAP2L2 and
immune infiltration. More importantly, quantitative real-time polymerase
chain reaction was used to verify BAIAP2L2 expression in a liver cancer cell
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associated protein 2-like 2; BLCA, bladder urothelial carcinoma; BPs, biological processes; BRCA,
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cholangiocarcinoma; CI, confidence intervals; CNA, copy number alteration; DCs, dendritic cells; DFS,
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line and a normal cell line. Visualization of data was mostly achieved using R language,
version 3.6.3.

Results: High BAIAP2L2 levels indicated poor overall survival (OS) and disease-free
survival (DFS) of patients with LIHC. Abnormally increased expression of BAIAP2L2 in
LIHC may be the result of both genetic alterations and lower DNA methylation levels.
Furthermore, Cox regression analysis showed that high BAIAP2L2 expression was an
independent risk factor for OS and DFS in patients with liver cancer. ROC curves and
nomograms also confirmed the diagnostic and prognostic values of BAIAP2L2 in
LIHC. Additionally, a PPl network of BAIAP2L2 was established and results implyed
that BAIAP2L2 interacts with MTSS1, AMPH, FCHO1, SYT9, PDK2, MTSS1L, PM20D1,
CHST4 and PALM3. ssGSEA showed that BAIAP2L2 was associated with T cells and
natural killer cells. Simultaneously, the TIMER database showed that the expression of
BAIAP2L2 in LIHC was positively correlated with tumor infiltrating cells, including B
cells, CD8+ T cells, CD4+ T cells, macrophages, neutrophils and dendritic cells.
Conclusions: Through pan-cancer analysis, prognostic and immunological value of
BAIAP2L2 in LIHC was identified. This is the first report on the potential of BAIAP2L2

as a prognostic biomarker and its correlation with immune infiltration in LIHC.

KEYWORDS

BAIAP2L2, liver hepatocellular carcinoma (LIHC), prognostic value, immune infiltration, pan-

cancer analysis

Introduction

Due to the increasing prevalence of established risk factors,
such as the growth and aging of the population, smoking,
being overweight, lacking physical activity, urbanization and
changes in reproductive patterns resulting from economic
development, the incidence of cancer is gradually rising and
has become a huge burden on society (1). Liver hepatocellular
carcinoma (LIHC; also known as HCC) is the sixth most
commonly diagnosed cancer and the fourth leading cause of
cancer mortality in the world, with approximately 841,000 new
cases and 782,000 deaths annually (2). In the past 30 years, the
incidence of HCC has been on the rise worldwide. The World
Health Organization estimates that more than 1 million
patients will die from liver cancer in 2030 (3). The highest
incidence rates of HCC were mainly observed in Northern and
Western Africa (Egypt, the Gambia, Guinea) and Eastern and
Southeastern Asia (Mongolia, Cambodia, and Vietnam) (2).
The dominant risk factors for HCC are chronic infection with
hepatitis B virus or hepatitis C virus, nonalcoholic fatty liver
disease, alcohol consumption, cigarette smoking and
environmental toxins (4). The treatment of HCC mainly
includes surgical resection, liver transplantation, vascular
Despite the

emergence of targeted therapy, advanced-stage LIHC remains

intervention and radiofrequency ablation (5).

largely incurable due to low response rate and therapeutic
resistance (6). Moreover, most of tumours response to
immunotherapies is either non-existent or short-lived (7). To
improve the survival rate of LIHC patients, new therapeutic
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targets will still need to be discovered so that existing drug
options can be increased and a better understanding of the
underlying mechanisms leading to drug resistance can be gained.

BAIAP2L2 (BAIl-associated protein 2-like 2; also known as
Pinkbar) is located on chromosome 22q131 (8). Along with
BATAP2L1, IRSp53, MTSS1 and MTSS1L, BATAP2L2 belongs
to the I-BAR (Inverse Bin-Amphiphysin-Rvs) subfamily (9, 10).
They have different isoforms, but all contain an N-terminal I-
BAR domain. In recent years, the I-BAR family has been found
to be
Overexpression of IRTKs was negatively correlated with overall

related to the occurrence of tumors (11, 12).

survival in patients with gastric cancer (13). BAIAP2LI is also
a potential biomarker in ovarian cancer (14) and IRSP53 plays
an important role in regulating the motility/invasion of cancer
cells (15, 16). Studies have shown that MTSS1 is notably
downregulated during the progression of gastric cancer (17),
and hypermethylated MTSS1 can promote the migration of
prostate cancer (18). The key role of I-BAR family members in
the carcinogenesis process. Although BAIAP2L2 was associated
with the
osteosarcoma (19), gastric cancer (20), Prostate Cancer (21)

development of various cancers, including
and lung cancer (22). However, no studies have reported the
relationship between BAIAP2L2 and liver cancer.

In this study, we comprehensively analyzed the expression
profile and prognostic value of BAIAP2L2 in 33 types of
cancer, and found that BAIAP2L2 was highly expressed in
LIHC. Overexpression of BAIAP2L2 is associated with poor
prognosis of LIHC. Results also illustrated the immunological

role of BAIAP2L2 in LIHC.

frontiersin.org


https://doi.org/10.3389/fsurg.2022.985034
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

Han et al.

Materials and methods
Gene expression analysis

The “Diff Exp” module in the TIMER database (https://
cistrome.shinyapps.io/timer/) allows us to study the differential
expression of BATAP2L2 in The Cancer Genome Atlas (TCGA)
(23, 24).
Distributions of gene expression levels are displayed using box

between tumor and adjacent normal tissues
plots, with statistical significance of differential expression
evaluated using the Wilcoxon test. The GTEx database contains
data for normal tissue. If the normal sample size of TCGA is
insufficient, we will combine GTEx and TCGA to analyze the
differential expression of BAIAP2L2 in tumors. Additionally,
StarBase (http://starbase.sysu.edu.cn/) (25), a comprehensive
online tool, was also applied to analyze gene expression. The
“ENCORI Pan-Cancer Analysis Platform” in the StarBase
database is designed to analyze the gene expression profile of 32
cancer types. The expression data of cancers were downloaded
from TCGA project via Genomic Data Commons Data Portal.
Then, the Venn diagrams of data from three database were
plotted using the “ggplot2” R package. Finally, the UALCAN
database (http://ualcan.path.uab.edu/analysis.html) [26] and
Atlas  (HPA)
proteinatlas.org/) (27) were used to verify the differentiation of

Human Protein databases  (https://www.
BAIAP2L2 expression levels between tumors and normal
tissues. Adjusted p <0.05 and [log2fold change (FC)|>1 were

chosen as the cutoff criteria.

Survival analysis

To explore the prognosis of BAIAP2L2 across cancers, we used
the Kaplan-Meier Plotter database (https://kmplot.com/analysis/)
(28) and LinkedOmics (http://www.linkedomics.org/) (29) to
analyze the effect of BAIAP2L2 on the survival of various
cancers. The data sources for the Kaplan-Meier Plotter database
include not only the Gene Expression Omnibus (GEO) but also
the European Genome-Phenome Archive (EGA) and TCGA. To
analyze the prognostic value of a gene, the patient samples are
split into two groups according to various quantile expressions.
Then, the two patient cohorts are compared by a survival plot,
and the hazard ratio with 95% confidence intervals (CI) and
logrank p-value are calculated. 95% Cls and a p value <0.05 were
considered statistically significant.

CNA and DNA methylation alteration
analysis

The cBioPortal
cbioportal.org/)

for cancer genomics

query the

(https://www.

was used to BAIAP2L2
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characteristics of genetic mutations (30, 31). The copy
number alteration (CNA) data and mutation type were
displayed in the “Cancer Types Summary” module of TCGA
database. DNA methylation levels of the BAIAP2L2 promoter
in normal and tumor tissues were analyzed using the
UALCAN database (http://ualcan.path.uab.edu/index.html).
TCGA-assembler pipeline was used to download TCGA DNA
methylation  data  generated  using  the
HumanMethylation450 BeadChip. Downloaded data were
further processed to calculate an average methylation (beta)

Illumina

value for each gene, considering CpG sites located in the
promoter region of the gene via the TCGA-assembler (32).

BAIAP2L2 expression-correlated gene
and protein analysis

We predicted the genes and proteins interacting with
BAIAP2L2 using LinkedOmics and the STRING database
(https://string-db.org/) (33), respectively. To further explore
the biological functions of BAIAP2L2 in LIHC, Gene Set
Enrichment Analysis (GSEA) was used to analyze the Gene
Ontology (GO) terms and Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathways. GO analysis is a powerful
bioinformatics tool used to identify biological processes (BPs),
cellular components (CCs) and molecular functions (MFs).
The main goal of the KEGG database project is to assign
functional meaning to genes and genomes at the molecular
and higher levels. A protein-protein interaction (PPI) network
of BATAP2L2 was generated using the STRING database.

Immune infiltration analysis

Immune infiltration analysis of LIHC was performed using
single-sample gene set enrichment analysis (ssGSEA) in the
“GSVA” R package, and the infiltration levels of 24 types of
immune cells were quantified from gene expression profiles.
The TIMER database and GEPIA databases (http://gepia.
cancer-pku.cn/) (34) were used to explore the correlation
between BAIAP2L2 expression and immune infiltration. We
utilized the
between BAIAP2L2 expression and immune infiltration levels
(B CD4+ T CD8+ T
macrophages and dendritic cells). Then, the “Correlation”

“Gene” module to estimate the correlation

cells, cells, cells, neutrophils,
module was applied to analyze the association between
BAIAP212 and prognosis-related immune cell markers to
further

subtypes. The correlation coefficient was determined by the

estimate the potential infiltrating immune cell
Spearman method, and p values were corrected using the
Benjamini-Hochberg method. Furthermore, BioGPS (http://
biogps.org/) is a centralized gene annotation portal that

enables researchers to access distributed gene annotation
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resources (35). We used this database to display the level of
BAIAP2L2 mRNA expression in human tissues and immune
cells.

Cell culture and quantitative real-time
polymerase chain reaction (QRT-PCR) of
cell lines

The human hepatocarcinoma cell line HepG2 and human
normal liver cell line LO2 were cultured in Minimum
Essential Medium (MEM, Procell) and Roswell Park
Memorial Institute 1640 (RPMI 1640, Procell), respectively,
containing 10% fetal bovine serum (FBS, Excell Bio) and
(100 units/ml 100 pg/ml
streptomycin) at 37°C and 5% CO2 in an incubator. qRT-

antibiotics penicillin ~ and
PCR was conducted to evaluate gene expression. Total RNA
was extracted from cell lines with TRIzol reagent in
accordance with the manufacturer’s instructions. Using a
reverse transcription kit, the RNA was reverse transcribed into
cDNA, and qRT-PCR analyses were quantified with SYBR
Green (VAZYME). BAIAP2L2 expression was calculated
based on the 2—AACt method with actin as an internal
reference. qQRT-PCR was performed in triplicate using
samples derived from three independent experiments. Primers
for BAIAP2L2 (forward: 5'-AGTTCATCAAAGACAGCCGC-
3/, reverse: 5 -CAGGTGCTTCTCTGCTAGGA-3") and g-
actin (forward: 5"-CACGATGGAGGGGCCGGACTCATC-3",
reverse: 5 -TAAAGACCTCTATGCCAACACAGT-3)

used for qRT-PCR.

were

Statistical analysis

Most of the statistical analyses were performed using the
bioinformatic tools mentioned above. The results were shown
as the mean+SD. IBM SPSS statistics 26.0 software was
utilized for statistical analysis. A p value <0.05 was considered
statistically significant.

Results

BAIAP2L2 is universally over-expressed in
human pan-cancer

BATAP2L2 has been proved to be abnormally expressed in
cancers (36, 37). We used TIMER and StarBase database to
demonstrate BAIAP2L2 expression in 33 types of human
Data from the TIMER database showed that
BAIAP2L2 expression was significantly increased in 10 types

cancer.

of cancer, including bladder urothelial carcinoma (BLCA),
cholangiocarcinoma (CHOL), esophageal carcinoma (ESCA),
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head and neck squamous cell carcinoma (HNSC), kidney
(KIRC), LIHC,
adenocarcinoma (LUAD), lung squamous cell carcinoma
(LUSC), prostate adenocarcinoma (PRAD) and stomach
adenocarcinoma (STAD) (Figure 1A, p <0.05). Because some

renal clear cell carcinoma lung

cancers in the TIMER database did not have normal tissue,
we used the GTEX database combined with the TCGA
database to supplement these data. The results showed that
BAIAP2L2 was obviously increased in some cancers, including
cell
adenocarcinoma (CESC), lymphoid neoplasm diffuse large B-
cell lymphoma (DLBC), acute myeloid leukemia (LAML),
ovarian serous cystadenocarcinoma (OV), skin cutaneous

cervical  squamous carcinoma and endocervical

melanoma (SKCM), pancreatic adenocarcinoma (PAAD),
thymoma (THYM) and uterine (ucs)
(Figure 1B, p <0.05).

From StarBase database, we discovered that BATIAP212
was evidently upregulated in 14 types of cancer, including
BLCA, breast invasive carcinoma (BRCA), CHOL, ESCA,
HNSC, KIRC, kidney renal papillary cell carcinoma (KIRP),
LIHC, LUAD, LUSC, PAAD, PRAD, STAD and uterine
corpus endometrial carcinoma (UCEC) (Figure 1C, p<

carcinosarcoma

0.05). By comparing results from the three databases
(TIMER, GTEX and STARBASE),
BAIAP2L2 was generally overexpressed across 11 types of
human cancer, including BLCA, CHOL, ESCA, HNSC,
KIRC, LIHC, LUAD, LUSC, PAAD, PRAD and STAD
(Figure 4A).

we concluded that

BAIAP2L2 expression is closely associated
with patient survival in human pan-cancer

Considering that BATAP2L2 is dysregulated in a variety of
cancers, we wanted to know whether its expression is related
to the survival of cancer patients. Two databases, the Kaplan-
Meier Plotter database and LinkedOmics, were utilized to
analyze the relationship between BAIAP2L2 expression and
patient overall survival (OS) in 33 types of cancer. The results
from the Kaplan-Meier Plotter database demonstrated that a
high level of BAIAP2L2 indicated unfavorable OS in CESC
(p=0.042), LIHC (p=0.0026), and LUAD (p=0.0059) and
good OS in ESCA (p=0.018), KIRC (p=0.0036), and KIRP
(p=0.032) (Figure 2B). From LinkedOmics, we found that
elevated BAIAP2L2 expression predicted worse OS in
adrenocortical carcinoma (ACC) (p=6.724e-03), LIHC (p=
1.108e-03), LUAD (p=1.430e-03), mesothelioma (MESO)
(p=3.436e-03), PRAD (p=5.183e-03), uveal melanoma
(UVM) (p=1.706e-03) and good OS in glioma (p =2.587¢-
14) and brain lower grade glioma (LGG) (p=2.797e-04)
(Figure 2C).

Next, the Kaplan-Meier Plotter database was used to
explore the relationship between BAIAP2L2 levels and patient
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FIGURE 1

BAIAP2L2 expression levels in different types of cancer. (A) BAIAP2L2 expression levels in different types of cancer from TCGA datasets in TIMER. (B)
BAIAP2L2 expression levels in different types of cancer from GTEX database combined with the TCGA database. *p < 0.05, **p < 0.01, ***p < 0.001.
(C) Upregulated transcriptional level of BAIAP2L2 in pan-cancer samples from the StarBase database. The orange and purple boxes represent cancer
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disease-free survival (DFS) in 33 types of cancer. The results
showed that a high level of BAIAP2L2 indicated poor DFS in
BRCA (p=0.027), LIHC (p=0.0061), and testicular germ cell
(TGCTs) (p=0.048) good DFS
pheochromocytoma and paraganglioma (PCPG) (p=0.044)

tumors and in
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and UCEC (p=0.014) (Figure 2A). By comparing the results
of Figures 1, 2, we found that high BAIAP2L2 levels were
significantly correlated with poor patient OS and DFS in
LIHC (Figures 4B,C). These data imply that BAIAP2L2 has

potential prognostic value in LIHC.
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figure 1A-B figure 1C

BAIAP2L2 is upregulated
in BLCA, CHOL, ESCA,
HNSC, KIRC, LIHC,
LUAD, LUSC, PAAD,
PRAD and STAD

figure 1C

figure 1A-B
figure 2B

’ figure 2C
figure 2A

FIGURE 4

levels predict poor patient OS and DFS in LIHC (Figures 1, 2).

Data comparison is shown as Venn diagrams. (A) Comparative analysis of data in Figure 1, BAIAP2L2 is overexpressed in BLCA, CHOL, ESCA, HNSC,
KIRC, LIHC, LUAD, LUSC, PAAD, PRAD and STAD. (B) BAIAP2L2 is closely associated with patient OS and RFS in LIHC (Figure 2). (C) High BAIAP2L2

figure 2B

figure 2A figure 2C

BAIAP2L2 is closely
associated with
patient OS and RFS
in LIHC

BAIAP2L2 is up-regulated in
LIHC, and high BAIAP2L2
levels predict poor patient OS
and DFS in LIHC

CNA and DNA methylation alterations of
BAIAP2L2 across different human cancers

Genetic and epigenetic changes play a significant role in
regulating cancer development and immune tolerance (38). As
shown in Figure 3A, we can see that elevated BAIAP2L2
expression was accompanied by gene alterations in BLCA,
ESCA, LIHC, LUAD, LUSC, HNSC, PAAD, PRAD and
STAD. It is worth noting that all LIHC cases with genetic
alterations had amplification of BAIAP2L2. The types, sites
and case number of the BAIAP2L2 genetic alteration are
further presented in Figure 3B, and we found that missense
mutation of BAIAP2L2 was the primary type of genetic
alteration.

DNA methylation is an epigenetic mechanism that can
affect the progression of tumors (39). To correlate promoter
DNA methylation levels with BAIAP2L2 expression, we
explored the differential promoter DNA methylation status of
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BAIAP2L2 between tumors and adjacent normal tissues by
using UALCAN (Figures 3C-0). we found that BAIAP2L2
had lower DNA methylation levels in LIHC. Overall,
abnormally increased expression of BAIAP2L2 mRNA in
LIHC may be the result of both genetic alterations and lower
DNA methylation levels.

BAIAP2L2 is up-regulated and is
associated with poor prognosis in LIHC

By comprehensive analysis of the expression (Figure 1) and
prognosis (Figure 2) of BATAP2L2 across cancers, we found
that BATAP2L2 was overexpressed in LIHC and was closely
associated with poor prognosis of liver cancer patients
(Figure 4), implying its importance in predicting the clinical
outcome of LIHC. Therefore, we focused on investigating the
function of BAIAP2L2 in LIHC.
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FIGURE 5

Validation of the expression level of BAIAP2L2 and high BAIAP2L2 expression is correlated with clinical characteristics in patients with LIHC. (A) The
differential expression of BAIAP2L2 in LIHC samples and unpaired adjacent samples from TCGA. (B) The differential expression of BAIAP2L2 in 50
LIHC samples and matched adjacent samples from TCGA. (C) Validation of BAIAP2L2 at the mRNA level using the UALCAN database. (D)
Validation of BAIAP2L2 at the protein level using the HPA database. (E) Survival analyses of BAIAP2L2 expression in LIHC. (F) Validation of
BAIAP2L2 at the mRNA level in vitro using gRT—-PCR analysis. Relative BAIAP2L2 mRNA levels in a LIHC cell line (HEPG2) and a human Normal
liver cell line (LO2). (G) Box plot assessing BAIAP2L2 expression in patients with LIHC according to different clinical characteristics using the
UALCAN database. *p <0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001.

Firstly, BAIAP2L2 expression in LIHC samples and adjacent
normal tissues was analyzed through TCGA. BAIAP212
expression was observably elevated in LIHC tissues
(Figures 5A,B). Then, the results from the UALCAN database
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showed that BAIAP2L2 was dramatically upregulated in LIHC
compared to normal tissues (Figure 5C), and a high level of
BAIAP212 indicated unfavorable survival probability in LIHC
(Figure 5E). In addition, we examined the protein level of
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TABLE 1 Correlation between BAIAP2L2 expression and
clinicopathologic characteristics of patients with LIHC.
Characteristic Low expression High P
of BAIAP2L2  expression of
BAIAP2L2
n 185 186
Gender, n (%) 0.001
Female 45 (12.1%) 76 (20.5%)
Male 140 (37.7%) 110 (29.6%)
T stage, n (%) 0.288
T1 98 (26.6%) 83 (22.6%)
T2 46 (12.5%) 48 (13%)
T3 34 (9.2%) 46 (12.5%)
T4 5 (1.4%) 8 (2.2%)
N stage, n (%) 0.622
NoO 127 (49.6%) 125 (48.8%)
N1 1 (0.4%) 3 (1.2%)
M stage, n (%) 1.000
Mo 131 (48.5%) 135 (50%)
M1 2 (0.7%) 2 (0.7%)
Pathologic stage, n (%) 0.269
Stage 1 92 (26.5%) 79 (22.8%)
Stage II 43 (12.4%) 43 (12.4%)
Stage IIT 35 (10.1%) 50 (14.4%)
Stage TV 3 (0.9%) 2 (0.6%)
Histologic grade, n (%) 0.016
Gl 35 (9.6%) 20 (5.5%)
G2 94 (25.7%) 83 (22.7%)
G3 48 (13.1%) 74 (20.2%)
G4 6 (1.6%) 6 (1.6%)
Residual tumor, n (%) 0.320
RO 164 (48%) 160 (46.8%)
R1 6 (1.8%) 11 (3.2%)
R2 1 (0.3%) 0 (0%)
Child-Pugh grade, n 0.427
(%)
A 114 (47.7%) 103 (43.1%)
B 13 (5.4%) 8 (3.3%)
C 0 (0%) 1 (0.4%)
Adjacent hepatic tissue 0.486
inflammation, n (%)
None 56 (23.9%) 61 (26.1%)
Mild 53 (22.6%) 46 (19.7%)
Severe 11 (4.7%) 7 (3%)
Vascular invasion, n 0.104
(%)
No 112 (35.6%) 94 (29.8%)
Yes 48 (15.2%) 61 (19.4%)
Fibrosis Ishak score, n 0.395

(%)
0

41 (19.3%)

33 (15.6%)

Frontiers in Surgery

(continued)

65

10.3389/fsurg.2022.985034

TABLE 1 Continued

Characteristic Low expression High P
of BATIAP2L2  expression of
BAIAP212

A 21 (9.9%) 10 (4.7%)

% 13 (6.1%) 15 (7.1%)

5/6 42 (19.8%) 37 (17.5%)
Age, median (IQR) 63 (54, 69) 60 (51, 68) 0.062
AFP (ng/ml), median 9 (3, 54) 35(5.5,1,7955)  <0.001
(IQR)
Albumin (g/dl), median 4 (3.5, 4.3) 4 (3.5, 4.3) 0.715
(IQR)

BAIAP2L2 in LIHC using HPA and discovered that BAIAP2L2
(Figure 5D). More
importantly, qRT-PCR was conducted to evaluate gene

was overexpressed in liver cancer

expression, and we found that BATAP2L2 mRNA expression
was upregulated in a LIHC cell line (HEPG2) compared to a
human normal liver cell line (LO2) (p <0.0001) (Figure 5F).

High BAIAP2L2 expression is correlated
with clinical characteristics and
pathological parameters in patients
with LIHC

Clinical characteristics and gene expression data of 371
patients with LIHC were obtained from TCGA database.
According to the mean value of BAIAP2L2, the patients with
LIHC were divided into the high expression group and low
expression group (Table 1), and then the Wilcoxon rank sum
test and logistic regression were used to analyze the
correlation between BAIAP2L2
features. High BAIAP2L2 expression was associated with

expression and clinical

histologic grade, pathologic stage, T stage, N stage, M stage,
Child-Pugh grade
(Figure 5G). The results of univariate analysis using logistic

tumor status, and residual tumor
regression demonstrated that BAIAP2L2 expression was
connected with poor prognostic clinical characteristics in
patients with LIHC (Table 2). High BAIAP2L2 expression
was linked to sex [odds ratio (OR)=2.149, 95% CI=1.382-
3.372, p<0.001], age (OR=10.662, 95% CI=0.438-0.996, p =
0.048), histologic grade (G3&G4 vs. G1&G2: OR = 1.855, 95%
CI=1.208-2.867, p=0.005) and AFP (OR=2.544, 95% CI=
1.441-4.586, p = 0.002).

Additionally, a receiver operating characteristic (ROC)
curve was carried out to fully evaluate the diagnostic value of
BAIAP2L2 for LIHC. The area under the curve (AUC) of
BAIAP2L2 was 0.891, which suggested high diagnostic value
(Figure 6C). The time-dependent ROC curve demonstrated
that BAIAP2L2

(Figure 6C). Moreover, univariate Cox analysis showed that

could accurately predict prognosis
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TABLE 2 BAIAP2L2 expression associated with clinicopathologic characteristics (logistic regression).

Characteristics Total (N) Odds Ratio (OR) p-value
Gender (Female vs. Male) 371 2.149 (1.382-3.372) <0.001
Age (>60 vs. <60 years) 370 0.662 (0.438-0.996) 0.048
T stage (T3 & T4 vs. T1 & T2) 368 1.522 (0.949-2.459) 0.083
N stage (N1 vs. NO) 256 3.048 (0.384-62.072) 0.337
M stage (M1 vs. M0) 270 0.970 (0.115-8.184) 0.976
Pathologic stage (Stage ITI & Stage IV vs. Stage I & Stage II) 347 1.514 (0.935-2.470) 0.093
Histologic grade (G3 & G4 vs. G1 & G2) 366 1.855 (1.208-2.867) 0.005
Residual tumor (R2 & R1 vs. R0) 342 1.611 (0.619-4.474) 0.337
Child-Pugh grade (B & C vs. A) 239 0.766 (0.305-1.851) 0.558
Adjacent hepatic tissue inflammation (Mild & Severe vs. None) 234 0.760 (0.454-1.270) 0.296
Vascular invasion (Yes vs. No) 315 1.514 (0.951-2.423) 0.082
Fibrosis Ishak score (3/4 & 5/6 vs. 0 & 1/2) 212 1.363 (0.793-2.353) 0.264
AFP (ng/ml) (>400 vs. <400) 278 2.544 (1.441-4.586) 0.002
Albumin (g/dl) (>3.5 vs. <3.5) 297 0.965 (0.562-1.658) 0.896

high BATAP2L2 expression was dramatically correlated with
poor OS [hazard ratio (HR) =1.490, 95% CI =1.051-2.111, p
=0.025] and DFS (HR=1.603, 95% CI=1.024-2.509, p=
0.039) (Figures 6A,B). Eventually, a survival prediction
nomogram using age, T stage, N stage, M stage, histologic
grade and BAIAP212 was used to predict the 1-, 3-, and 5-
year survival probability in LIHC (Figure 6D).

BAIAP2L2 expression-correlated genes
and proteins in LIHC

To further investigate the molecular mechanism of
BAIAP212 in tumorigenesis, we attempted to screen out
BAIAP21.2 and BAIAP2L2-
binding proteins for a series of pathway enrichment analyses.

expression-correlated ~ genes

The coexpression network of BATAP2L2 was constructed by
the LinkedOmics database. Figure 7A revealed the genes
associated with BAIAP2L2 expression in the LIHC cohort.
The 50 genes with the strongest positive and negative
correlations are shown in Figure 7B. Then, GSEA was used to
analyze the GO and KEGG enrichment analysis of genes
coexpressed with BAIAP2L2. GO analysis revealed that genes
coexpressed with BAIAP2L2 were mainly involved in
chromosome localization and amine kinetochore organization
(Figure 7C). KEGG pathway analysis showed that coexpressed
genes were involved in fatty acid degradation and peroxisomes
(Figure 7D). A PPI network of BAIAP2L2 was established
(Figure 7E), showing that BAIAP2L2 interacts with MTSSI,
AMPH, FCHO1, SYT9, PDK2, MTSS1L, PM20D1, CHST4
and PALM3. It has been reported that MTSS1 is a novel
biomarker of tumor and elevated MTSS1 expression is

associated with poor prognosis of liver cancer (40, 41).
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Immune infiltration analysis

Immune cells within the tumor microenvironment (TME)
play important roles in tumorigenesis (42, 43). We used
ssGSEA, TIMER, BioGPS and GEPIA to investigate the
potential relationship between the infiltration level of
different immune cells and BAIAP2L2 gene expression in
LIHC. First, as shown in the BioGPS results in Figure 8A,
higher expression of BAIAP2L2 was observed in B cells,
dendritic cells (DCs), CD8+ T cells, CD4+ T cells, natural
killer (NK) cells and monocytes. Meanwhile, we also
observed that BAIAP2L2 was markedly overexpressed in
liver tissue (Figure 8A). Then, we explored the association
between BAIAP2L2 and the immune cell infiltration level
quantified by ssGSEA in LIHC using Spearman correlation.
The results showed that high BAIAP2L2 expression was
positively correlated with the infiltration levels of T cells and
NK cells (Figure 8B). The TIMER database further showed
that the expression of BAIAP2L2 in LIHC was positively
correlated with tumor infiltrating cells, including B cells,
CD8+ T cells, CD4+ T cells, macrophages, and DCs
(Figure 8C). Moreover, in addition to the correlation
between BAIAP2L2 and the above immune infiltrating cells,
we next sought to determine whether BAIAP2L2 was
associated with the expression of more immune infiltrating
cells by investigating related immune cell markers in LIHC
in TIMER and GEPIA. The results showed that these
immune cell markers were related to liver cancer, including
B cells, CD8+ T cells, T follicular helper (Tth) cells, T cells
(general), Thl, Th2, Th9, Th17, Th22, Treg, exhausted T
M1l and M2
macrophages (TAMs), monocytes, NK cells, neutrophils, and
DCs (Tables 3, 4).

cells, macrophages, tumor-associated
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FIGURE 6
Forest plot, ROC curve and nomogram. (A) Forest plot of the Cox regression analysis in TCGA-LIHC (OS). (B) Forest plot of the Cox regression analysis
in TCGA-LIHC (RFS). (C) ROC curve and time-dependent ROC curve for BAIAP2L2 in LIHC samples and adjacent Normal tissue samples from TCGA.
(D) A nomogram for predicting the 1-, 3- and 5-year survival probability of patients.

Discussion

In recent years, studies have suggested that BATAP2L2 may
be involved in the development of human cancer (36, 37, 44).
However, the relationship between BATAP2L2 and liver cancer
has not been reported. Hence, we performed a comprehensive
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bioinformatics analysis of BAIAP2L2 expression and survival
prognostic value in LIHC. Our results reveal for the first time
that Overexpression of BAIAP212 is associated with poor
prognosis of LTHC.

Our results showed that BAIAP2L2 was upregulated in
BLCA, CHOL, ESCA, HNSC, KIRC, LIHC, LUAD, LUSC,
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FIGURE 7
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BAIAP2L2 in LIHC. (E) A PPI network of BAIAP2L2 was generated using the STRING database.
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PAAD, PRAD and STAD based on TCGA. In 2020, Liu et al.
found that BATAP2L2 is highly expressed in STAD, and it can
promote proliferation, migration and invasion and ultimately
induce apoptosis of gastric cancer cells (20). BAIAP2L2 was
also upregulated in PRAD, and it may promote tumorigenesis
and malignant development (37). Upregulation of BAIAP2L2
was detected in various lung cancer cell lines and was deemed
a novel biomarker and potential therapeutic target for LUAD
(22). These reports support the results of this study. However,
the relationship between BAIAP212 and LIHC has not been
found that BAIAP2L2 was
significantly overexpressed in LIHC (p <0.001). Interestingly,

reported. Moreover, we

in combination with the survival analysis of the Kaplan-Meier
Plotter and LinkedOmics databases, differences in both OS
and DFS between the normal and tumor groups were
observed only in LIHC. These results imply that BAIAP2L2
may play a unique and crucial role in LTHC.
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Subsequently, we validated the expression of BAIAP2L2
mRNA and protein in LIHC using various online databases.
All the results showed that BAIAP2L2 expression was
upregulated in LIHC. To verify the above results, we
performed qRT-PCR on HEPG2 cell and LO2 cell, and the
results showed that the expression of BAIAP2L2 in HEPG2
cell was higher than that in LO2 cell.

LIHC is the fourth most common fatal malignancy and the
sixth most common in terms of incidence cases in the world
(3). The most common primary liver cancer, usually occurs
in the context of chronic liver disease and is often diagnosed
with liver cancer in advanced stages, resulting in its poor
prognosis (45). It is of great significance to explore the
pathogenesis of LIHC and identify potential molecular
Therefore, the
significance and possible molecular mechanism of BAIAP2L2
in LIHC.

biomarkers. we focused on clinical
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TABLE 3 Correlation analysis between BAIAP2L2 and gene markers of
immune cells in TIMER (22).

10.3389/fsurg.2022.985034

TABLE 4 Correlation analysis between BAIAP2L2 and gene markers of
immune cells in GEPIA (31).

Cell type Gene marker LIHC (n=371) Cell type Gene marker LIHC
None Purity Tumor Normal
cor P cor P R P R P
B cell CD19 0115  * 0117  * B cell CD19 0.15 »t 038 **
CD21 (CR2) 0238 0257 o CD20 (MS4A1) 0.027 0.6 044 ¥
CD22 0199 0.18 CD21 (CR2) 025 e 03]
T cell (general) ~ CD3D 022 024 v Cb22 0.22 T 001 094
CD3E o112+ 0133+ CD23 —-0.076 014 04 o
CD2 0134  * 0153 ** CD24 05 0L e
CD40 0.024 064 032 %
Thl STAT4 0.181  ** 0.176  ** cD72 0004 094 039  **
STAT1 0117  * 0125  * CD79a 0.053 031 055 e
CD94 (KLRD1) -0115  ~ -0117  ~ CD138 -00048 093 036  *
IL12RB2 —0.164  ** —0.164 **
[L27RA 0324w 0329 %o CD8+ T cell CD8A 0.02 0.7 062 oo
INE 0134 P CD8B 0.02 0.7 061 o
Th2 GATA3 0135 0141 Th CXCR3 0.13 o0
CD184 (CXCR4) 0184 0182 CXCRS5 0.25 w02 0.16
1COS 0.11 * 054 e
Th9 TGFBR2 —0.139  ** —0.157  **
IRF4 0.108 " 0.116 " T cell (general) CD3D 0.2 b 0.56 R
SPI1 0196  *** 0227 0ot CD3E 0.1 * 056 oo
TNF 0134  * 0.154  ** D2 o012 . N
Thi7 TL2IR 0134 = 0.l44 = Thi IEN-y (IENG) 0.02 0.7 038  *
Th22 CCR10 0237 o 0223 oo STAT4 0.18 o 041  **
Treg IL2RA 0138 0156 STATI 0i15 N 053
CCRS 0127 * D CD9%4 (KLRD1) —0077 014 033  *
TGFBI 0332 e 0324 e IL12RB2 —01 X 0347
IL27RA 033 e 044 ¥
Exhausted T cell ~ PD-1 (PDCD1) 0173 0182
TIM-3 (HAVCR2) 0192 e 0228 xer Th2 GATA3 0.12 * 027  0.063
CTLA4 0172 0186 STATS6 014 “ 041
LAG3 o146 o136 * CD184 (CXCR4) 02 057 o
CD194 (CCR4) 0.14 ** 041  **
M1 Macrophage  IRF5 0299 o 0308 o+
COX2 (PTGS2) 0141 0146 Tho SpIl 0.21 03
TNF 0.14 * 035  *
M2 Macrophage  ARGI1 —0.22 il —0.205  ***
MRCI PP _0159 Th17 IL21R 0.13 * 047 o+
IL23R 0.036 049 033 *
TAMs CD8o 0125 * 0151 ** CDI161 (KLRBI) 0.042 042 029  *
1L10 0095 00665 0.106  *
CD6s o138 o147 Th22 CCR10 022 T (X
Monocyte CD86 0133 * 0.15 o Treg IL2RA 0.15 N 044
cD14 0193 Py FOXP3 —0.0077 088 038  **
CCR8 0.17 o 023 0.2
NK cell NCAMI 0177 0193 *** CD127 (IL7R) o1 . 055 e
CD94 (KLRD1) -0.115 * -0.117 * TGFBI 033 ot 05 -
CD7 0223 0235 oo
Exhausted T cell ~ PD-1 (PDCD1) 0.16 »* 067
Neutrophil CD66b (CEACAMS)  0.155  ** 0176  ** TIM-3 (HAVCR2) 0.19 ot 031 *
CD11b (ITGAM) 0159  ** 0.166  ** CTLA4 0.14 - 059 e
CD15 (FUT4) 0389 o+ 0373 oo LAG3 012 * 019 02
DCs ITGAX 0.198 0229 M1 Macrophage  IRF5 033 w027 0,057
*p<0.05, **p<0.01, ***p <0.001, ****p<0.0001. COX2 (PTGS2) 015 N 031 )
' ' ' INOS (NOS2) —0019 071 046  **
M2 Macrophage ~ ARGI1 -0.18 o 0.005 0.97
_ *
Epigenetic changes have become an emerging applications MRCI 013 0086 053
) 4 VSIG4 0.064 022 029 ¥
for cancer biomarkers (46, 47). DNA methylation plays an MS4A4A 0011 084 032  *
important role in the development of cancer (48). Thus, we TAMs CDS80 013 « 034  *
investigated whether the abnormal expression of BAIAP2L2 in IL10 0.074 016 035 *
cancer is related to epigenetics. According to Figure 3, we can CDo8 0.14 - 032
see that high BAIAP2L2 expression was accompanied by gene Monocyte CDs6 0.14 “ 036 ¥
alterations in LIHC. Furthermore, high BAIAP2L2 levels were (continued)
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TABLE 4 Continued

Cell type Gene marker LIHC
Tumor Normal
R P R p
CD14 -0.17 ** -0.16 028
NK cell NCAM1 0.16 o 038 **
CD94 (KLRD1) -0.077 014 033  0.02
CD7 0.19 oo 037 **
Neutrophil CD66b (CEACAMS) ~ 0.15 * 047
CD11b (ITGAM) 0.16 * 047 %
CD15 (FUT4) 041 oo 0,55 weer
CCR7 0.027 061 042
MPO —0.055 029 05 oex
DCs cp1C 0.11 * 021 0.4
CD141 0.027 0.6 042 %
HLA-DPB1 0.07 018 038  **
HLA-DRA 0.035 0.5 04 *
THBD 0.027 0.6 042
NRP1 0.089 0089 029 %
ITGAX 021 e 041

*p<0.05, **p < 0.01, ***p < 0.001, ****p < 0.000L.

associated with lower DNA methylation levels in LIHC. Results
suggested that abnormally increased expression of BAIAP2L2
mRNA in LIHC may be the result of both genetic alterations
and lower DNA methylation levels.

Additionally, we found that a high level of BATAP2L2
indicated unfavorable survival probability in LIHC. Logistic
regression analysis showed that high BAIAP2L2 expression
was correlated with sex, age, histologic grade and alpha
fetoprotein (AFP). It is well known that AFP is the most
widely used serum biomarker for the diagnosis of primary
liver cancer worldwide and is associated with poor prognosis
(49). Cox that
upregulation of BAIAP212 was an independent prognostic

Simultaneously, regression  revealed
factor for poor prognosis of LIHC, along with pathological
stage, T stage and distant metastasis (Figure 6). ROC analysis
also indicated that BATAP2L2 had a high diagnostic value in
LIHC, and its AUC was 0.89. More importantly, a prognostic
nomogram including age, T, M, N typing, histologic grade
and BAIAP2L2 was constructed. The nomogram results
suggested that BAIAP2L2 can reflect the prognosis of LIHC
to some extent. These results demonstate that BAIAP2L2
plays an important role in the development of LIHC and may
be an independent prognostic biomarker of LIHC.

To further investigate the molecular mechanism of the
BAIAP212 gene in tumorigenesis, GSEA was used to analyze
the GO and KEGG enrichment analysis of genes coexpressed
with BAIAP2L2. The results suggest that MTSSI has
synergistic effect with BAIAP2L2. Huang et al. found that
elevated MTSS1 expression is associated with poor prognosis
of LIHC (41). In other words, MTSS1 and BAIAP2L2 may
play a synergistic role in the carcinogenesis of LTHC.
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In recent years, increasing evidence has shown that immune
infiltration is closely related to malignant tumors (50-54).
Therefore, we further analyzed the relationship between the
carcinogenic effect of BAIAP2L2 and immune infiltration.
Higher expression of BAIAP2L2 was observed in B cells, DCs,
CD8+ T cells, CD4+ T cells, natural killer (NK) cells and
monocytes in the BioGPS. Concurrently, the TIMER database
showed that the expression of BAIAP2L2 in LIHC was
positively correlated with tumor infiltrating cells, including B
cells, DCs, CD8+ T cells, CD4+ T cells and macrophages.
Moreover, LIHC was associated with immune cell markers,
including B cells, CD8+ T cells, Tth cells, T cells (general),
Th1, Th2, Th9, Th17, Th22, Treg, exhausted T cells, M1 and
M2 macrophages, TAMs, monocytes, NK cells, neutrophils,
and DCs. Single-cell sequencing showed that CD8+ T cells
were associated with liver cancer (55). Clinical samples also
showed that immune cell markers were related to liver cancer,
including B cells, Tth cells, M1 macrophages, NK cells and
neutrophils (56). Our findings are consistent with both
studies. In summary, immune infiltration plays a crucial role
in carcinogenesis.

Nevertheless,  although employed  multiple
bioinformatics databases to analyze the role of BAIAP2L2 in
LIHC, this study still has some limitations. Firstly, although

bioinformatics analysis is a powerful and efficient tool to help

we

understand the molecular mechanisms and to identify
of LIHC, further
validations, such as evidence obtained from western blot and

potential ~ biomarkers experimental
immunohistochemistry assays, are needed to confirm the
prognosis value and immunological role of BAIAP2L2 in
LIHC. Secondly, because most of the data come from public
databases, there may be some biases caused by potential
Finally, It that a

biomarker would lack enough prognosis power. Multiple

confounding factors. appears single
biomarkers should be included to build a prognosis model to
improve prognosis value. Unable to incorporate more hub
genes is one of the limitations of our study. In future studies,
we will try to combine hub gene to build a new prognosis
model to improve specifificity and we will further validated in
cell lines and animal models.

In conclusion, this is the first study to demonstrate the high
expression of BAIAP2L2 and its prognostic value in LTHC. Our
results also hinted at the potential role of BAIAP2L2 in
modulating immune infiltration. These data provide a
reference for future understanding of the role of BAIAP2L2 in

LIHC.

Conclusion

In summary, a pan-cancer analysis shows that BAIAP2L2 is
highly expressed in LIHC and overexpression of BAIAP2L2 is
associated with poor prognosis of LIHC. Furthermore,
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BAIAP212 may be an independent prognostic biomarker of
LIHC and be
Nevertheless, the specific role and precise regulatory
mechanism of BAIAP2L2 in LIHC need further far-ranging
and thorough research.

associated with immune infiltration.
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The cause analysis of benign
uretero-ileal anastomotic
stricture after radical cystectomy
and urinary diversion
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Xiaowen Qin', Xuanhan Hu*, Shuai Wang*, Heng Wang®,

Pu Zhang®, Qijun Wo*, Li Sun*, Yixuan Mou*, Feng Liu®,
Jianxin Cui®* and Dahong Zhang™
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Affiliated People's Hospital, Hangzhou Medical College, Hangzhou, China, 2Department of Organ
Transplantation, The Affiliated Yantai Yuhuangding Hospital of Qingdao University, Yantai, China

Background: Benign uretero-ileal anastomotic stricture (UIAS) is a major
complication following radical cystectomy (RC) and ileal orthotopic bladder
substitution, and it can occur in combination with other complications. But risk
factors for patients with UIAS have not been well described.

Material and methods: We retrospectively reviewed 198 patients treated with
RC for bladder cancer from 2014 to 2019 at the Zhejiang Provincial People’s
Hospital. Patient demographic and clinical variables were examined to
determine the risk factors associated with UIAS by univariate and multivariate
logistic regression analysis.

Results: A total of 180 patients into the group standards and in all 360 uretero-
ileal anastomoses. Among the above cases, 22 patients developed UIAS,
including 10 cases of left UIAS, nine cases of right UIAS, and three cases of
bilateral UIAS. There was no difference in demographic, operative, or
perioperative variables between patients with and without UIAS. In a
multivariate analysis, after adjusting for gender, age, surgical methods, and
underlying diseases, intraoperative or postoperative blood transfusion (HR =
0.144, P <0.01), postoperative urinary tract infection (HR = 3.624, P <0.01), and
extracorporeal bladder anastomosis (HR = 3.395, P = 0.02) significantly
increased the risk of UIAS.

Conclusions: In our experience, intraoperative or postoperative blood
transfusion, postoperative urinary tract infection, and extracorporeal
neobladder anastomoses increased the risk of UIAS after radical cystectomy
and ileal orthotopic bladder substitution surgery. Further studies with larger
samples are necessary to validate this result.

KEYWORDS

bladder cancer, urinary diversion, anastomosis, radical cystectomy, uretero-ileal
anastomotic stricture
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Introduction

Bladder cancer was the ninth most common cancer
worldwide and the 13th most common cause of death,
according to the latest research data. In recent years, the
incidence of bladder cancer has been increasing year by year
(1). The main performance is male incidence rate is higher than
female, rural incidence rate is higher than city (1). Diagnosis,
treatment, and 5-year survival rates for bladder cancer have
remained largely unchanged since the 1990s. Radical cystectomy
(RC) with urinary diversion (UD) is standard therapy for
muscle-invasive bladder cancer and high-risk non-muscle-
invasive disease (2). Most strictures occur between 6 months
and 18 months after surgery. The overall complication rate is
reported to be as high as 25%-35% (3). The published rate of
UIAS after urinary diversion has a varying incidence in the
literature (4). The incidence of postoperative benign UIAS has
been reported to be 1% to 30% and varies considerably. Besides,
complications after ileal bladder surgery are mainly urinary tract
infection, incision infection, uretero-ileum stricture, intestinal
fistula, intestinal obstruction, etc. (5, 6). Among them, urinary
tract infections are the most common. If the ureteral outlet
stricture is not treated in time, it is prone to complicated upper
urinary tract infections, stones, renal insufficiency, and other
serious complications. It has been proposed that the cause of
UIAS is likely multifactorial. The causes of UIAS include
anastomotic fibrosis, inflammation, and tumor recurrence,
among which fibrosis is the most common factor (7).
Excessive dissection and freeing of the ureter may lead to
ureteral damage and ischemia, followed by inflammation,
fibrosis, and scar formation (7). We retrospectively analyzed
our surgical experience and demographic data in order to
determine the risk factors for the formation of UIAS.

Materials and methods

We obtained approval from our institutional review board
before initiating this analysis. A retrospective database of all
patients who underwent RC with an ileal conduit or an ileal
orthotopic neobladder for bladder cancer at Zhejiang Provincial
People’s Hospital from 2014 to 2019 was analyzed. Patients’
clinical characteristics were retrieved from hospital archives,
including gender, age, body mass index, the American Society
of Anesthesiologists (ASA), comorbidities, chemotherapy history,
drinking history, and smoking history. Preoperative data:
hemoglobin, WBC level, creatinine, albumin, uric acid level,
alanine transferase, aspartate transferase, etc. Intraoperative
data included intraoperative blood transfusion, lymph node
dissection, the duration of the operation, and the preparation
of a new bladder. Postoperative: hemoglobin, creatinine,
postoperative urinary tract infection, average length of hospital
stay. The diagnosis of UTAS is mainly made through radiography,
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enhanced CT, and three-dimensional reconstruction of the
urinary system. If there is clear radiologic evidence, UIAS has
occurred. Malignant strictures were excluded from the study. An
enhanced CT scan of the urinary system would be performed
every 3 months within 1 year after surgery, every 6 months within
1-5 years, and annually after 5 years. The shortest observation
period is 1 year.

All the risk variables with UIAS were analyzed as a binary
variable and assessed by univariable logistic regression analysis
to detect outcome variables with significant odds ratios.

The variables that attained significance in univariate analysis
included intraoperative or postoperative blood transfusion,
extracorporeal neobladder anastomoses, and postoperative
urinary tract infection. They were entered into a multivariable
logistic model with an interaction term to ascertain whether they
retained significance. All statistical tests were implemented at
p <0.05 significance level.

Results

A total of 198 patients with radical bladder cancer were
included in the study. Cases, which occur Malignant UTAS, with
other Malignant tumor, loss to follow-up nine patients, finally
only 180 patients into the group standards. The average
postoperative hospital stay was 14.4 days. Every UIAS is a unit
at risk of developing stricture and in all 360 uretero-ileal
anastomosis, stricture patients a total of 22 cases, 10 cases
were on the left side of the narrow, the right side of the
narrow nine cases, bilateral stricture (three cases), stricture
rate was 6.9%. Demographic information and clinical data
collected are shown in Tables 1, 2.

Of 180 patients, the median age was 67 years, with 159
(88.3%) males. A total of 60 (33.3%) cases were occurred
extracorporeal neobladder anastomoses, 22 (12.2%) patients
were undergone intraoperative or postoperative blood
transfusion and 40 (22.2%) patients were developed urinary
tract infection. The incidence of bilateral strictures was 13.6%.
Left side stricture was 45.5%, while the right side was 40.9%. The
median interval from postoperative to diagnosis of stricture was
11 months. Univariate logistic regression analysis with narrow
correlations between each variable is summarized in Figure 1.

Multivariate Logistic regression analysis was performed on
UIAS risk factors with statistical differences (P <0.05) in

TABLE 1 Summary of continuous variables collected.

variables Minimum Median Maximum
Age 43 67 92
BMI 16 22 28
ASA score 1 2 3
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TABLE 2 Summary of categorical variables recorded.

Variables

Age
43-67
67-92
BMI
Normal
Abnormal
ASA score
1
2
3
Sex
Male
Female
Diabetic

Drinking
Yes
No
Preoperative HB
2120 g/L
<120 g/L
Preoperative WBC
>10 x 109/L
<10 x 109/L
Preoperative albumin
240 g/L
<40 g/L

Preoperative Uric acid level

>357 umol/L

<357 umol/L
Preoperative Urea level

>8.8 mmol/L

<8.8 mmol/L
Preoperative Creatinine

>123 umol/L

<123 umol/L
Preoperative ALT

>40 U/L

<40 U/L
Preoperative AST

>35 U/L

<35 U/L
Preoperative cruenturesis

Yes

Frontiers in Oncology
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87

110
70

116
41
23

159
21

154
26

102
78

50
130

155
25

13
167

106
74

56
124

39
141

20
160

18
162

15
165

173

(Continued)
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TABLE 2 Continued

Variables N

No 7
Urine microscopy for white blood cells

Yes 119

No 61
Blood transfusion

Yes 22

No 158
Bricker anastomotic technique

Yes 101

No 79
Intraoperative bleeding>400 ml

Yes 79

No 101
Running Anastomosis

Yes 145

No 35
Operation time>4 h

Yes 141

No 39
Robot assisted surgery

Yes 105

No 75
Intracorporeal neobladder anastomoses

Yes 120

No 60
Postoperative HB (g/L)

>120 g/L 109

<120 g/L 71
Postoperative WBC

>10 x 109/L 108

<10 x 109/L 72

Postoperative Creatinine
>123 umol/L 20
<123 umol/L 160
Postoperative urinary tract infection
Yes 40
No 140

univariate analysis. Intraoperative or postoperative blood
transfusion (HR = 0.144, P <0.01), postoperative urinary tract
infection (HR = 3.624, P <0.01), and extracorporeal bladder
anastomosis (HR = 3.395, P = 0.02) were the variables most
strongly associated with UIAS. Besides, the results of three
variables that were taken into a multivariable logistic
regression analysis are shown in Table 3.

Nomogram based on a logistic regression model: Based on
the R software, assign values to the inclusion indicators of
patients with UIAS and use the regression coefficient values
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Postoperative urinary tract infection L]
Postoperative creatinine>123umol/L L]
Postoperative WBC>10x109/L ]
Postoperative HB(g/L) L]
Extracorporeal neobladder anastomoses L]
Robot assisted surgery L]
Operation time>5h ]
Running anastomosis -
Intraoperative bleeding>400ml [ ]
Bricker opera L]

Blood transfusion

Urine microscopy for WBC
Cruenturesis

Creatinine

AST

ALT

Preoperative urea level
Preoperative uric acid level
Preoperative albumin
Preoperative HB(g/L) ]
Preoperative chemotherapy »
WBC [
Drinking L
Smoking L]
Distant metastasis ]
ASA score 3 L

ASA score 2 -

ASA score 1

Hypertension L]
Diabetes L]

BMI L]
Age L]

Sex ]

10.3389/fonc.2022.1070141

Adjusted HR(95%Cl) P Value
3.636(1.512-8.743) 0.004
0.348(0.044-2.74) 0.316
0.958(0.387-2.374) 0.926
1.864(0.692-5.018) 0.218
2.750(1.112-6.799) 0.028
1.469(0.601-3.591) 0.399
0.723(0.438-1.194) 0.205
1.530(0.289-8.111) 0.617
1.002(0.977-1.202) 0.804
0.614(0.250-1.504) 0.286
5.875(2.104-16.421) 0.001
0.505(0.183-1.399) 0.189
0.667(0.050-8.961) 0.760
0.829(0.118-5.839) 0.850
0.802(0.046-13.825) 0.879
0.546(0.034-8.771) 0.669
1.047(0.288-3.808) 0.945
1.112(0.389-3.181) 0.843
0.623(0.201-1.935) 0.414
2.391(0.648-8.819) 0.190
1.175(0.253-5.455) 0.837
0.720(0.080-6.500) 0.769
0.373(0.098-1.429) 0.150
2.533(0.859-7.468) 0.092
3.040(0.475-16.72) 0.201
-0.188(-2.054-1.679)  0.844
0.589(-0.950-2.218) 0.453
0.572(0.252-1.301) 0.183
0.982(0.320-3.018) 0.975
0.558(0.122-2.545) 0.451
1.678(0.685-4.11) 0.257
0.965(0.925-1.007) 0.097
1.228(0.33-4.564) 0.759

FIGURE 1

T T T T T T T T T
8 9 10 11 12 13 14 15 16 17

Univariate logistic regression analysis. WBC, white blood cell; ALT, Alanine transferase; AST, Aspartate transferase; HB, Hemoglobin.

corresponding to the three statistically significant indicators in
the logistic regression analysis and the R language software
program to obtain the score corresponding to each indicator,
and then draw a list of items predicting the occurrence of

TABLE 3 Multivariable Logistic regression analysis.

Multivariate analysis HR P
Blood transfusion

No 1

Yes 0.144 (0.046-0.451) 0.001
Bladder anastomosis

Intra 1

extra 3.395 (1.241-9.283) 0.017
Urinary tract infection

No 1

Yes 3.624 (1.41-9.31) 0.007
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bacterial infections. In the nomogram, sum the scores
corresponding to each indicator and find the corresponding
UISA probability through the total score. The results are shown
in Figure 2.

In the model fitted this time, the likelihood ratio test result of
whether all parameters are 0 is P <0.05, that is, the OR value of at
least one variable among the included variables is statistically
significant, and the model is generally meaningful. The P-value
of the goodness of fit is not less than the test level (p >0.05), the
information in the current data has been fully extracted, and the
goodness of fit of the model is high. This study found
that anastomosing a new bladder in the extracorporeal
setting compared to anastomosing a new bladder in the
intracorporeal setting has an increased risk of UIAS. Blood
transfusions during or after surgery also increased the risk of
UIAS. At the same time, consistent with other related research,
postoperative urinary tract infection was also associated with an
increased risk of UIAS. As the risk factors of patients increase,
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FIGURE 2

Nomogram based on Logistic regression model. Abbreviations: HR, hazard ratio. The scores of the three risk factors are added together to form
the total score, ranging from 0 to 260 points. The percentage corresponding to the total score downward is the probability of UIAS in patients

with Radical cystectomy with urinary diversion.

the proportion of UISA has a strong tendency to increase. At
least one risk factor has a strong predictive effect on the
development of UIAS.

Discussion

RC and standard pelvic lymph node dissection: Bilateral
pelvic lymph nodes were exposed and dissected. Free ureter from
the ureteral wall segment. The peritoneum and vascular sheath
were opened, and the internal and external iliac and obturator
lymph nodes were dissected. Free cystorectal space and anterior
bladder space. The bladder and prostatic ligaments were dealt
with. Treatment of the prostate and urethra: the prostate and
bladder are completely removed. Preparation of a new bladder:
A mesangial enteral loop was taken about 20-30 cm from 10 to
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20 cm away from the ileocecal part, and the broken ends of the
proximal and distal ileocecal parts were anastomosed end to end
or side to side, and the mesangial was sutured.

Furthermore, the following points should receive special
attention in the operation: 1. minimize free tissue around the
ureter to reduce blood supply; 2. avoid clamping the broken end
of the ureter; 3. Ureteral length is retained to avoid excessive
ureteral tension; and 4. ureteral stents are implanted to
prevent stenosis.

Several retrospective studies have been conducted to identify
risk factors associated with UIAS after radical cystectomy and ileal
conduit formation. Current studies suggest that postoperative
anastomotic leakage, postoperative urinary tract infection, and
anastomotic ischemia would increase UIAS (8). In our study,
intraoperative blood loss was not well reflected due to the
subjective evaluation of intraoperative bleeding, intraoperative
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and postoperative blood transfusion patients had greater
intraoperative bleeding, which may lead to anastomotic ischemia
and cause anastomotic stricture. Postoperative urinary tract
infection also increased the risk of anastomotic stricture, which
may be related to delayed wound healing and scar hyperplasia,
consistent with previous domestic and foreign research results.

Of course, it was important to pay proper attention to
delicate surgical techniques. Careful management of the
broken ureter end, degree of tissue dissociation, interruption
time of the ureteral blood supply, and tension after ureteral
replantation were considered during the operation. It remains
cannot be accurately quantified and measured accurately.

There have been many previous studies trying to find
increased risk factors for UIAS, but the exact cause is still
unclear. Hoag et al. found in their research on risk factors for
UIAS that diabetes and elevated levels increase the UIAS rate. It
may be due to microvascular disease that the distal ureter
becomes sensitive (9). In addition, age, body mass index,
hemoglobin level, and ASA were not predictive factors for
UIAS formation, which was consistent with our results.

Large et al. suggested that the running anastomosis and
postoperative urinary tract infection might be related to UIAS.
He believed that interrupted anastomosis had less effect on the
blood supply at the anastomotic site, therefore the stricture rate
was lower (10). In our study, there was no significant difference
in the stricture rate between interrupted anastomosis and
running anastomosis. Studies in our center currently suggest
that running anastomoses have no significant effect on blood
supply at the uretero-ileal anastomosis. Meanwhile, the influence
of postoperative urinary tract infection on the stenosis rate was
consistent with the study.

In previous reports on the prediction model of the incidence
of radiotherapy and UIAS, it was identified that irradiated tissue
has abnormal maturation of fibroblasts, leading to delayed
healing, fibrosis, and scar formation in the distal ureter, as well
as radiation-induced endarteritis that increased the risk of UIA
ischemia. However, Katkoori et al. evaluated previous pelvic
radiation for UIAS in 526 patients who had RC and UD
between 1992 and 2008. They suggested that there was no
significant difference between those with previous pelvic
radiotherapy (pRT) and those without previous pRT (1.5% vs.
1.6%, P = 0.6) (3).

The conclusions on the influence of different surgical
methods on the incidence of UIAS were different. Davis et al.
found that there was no significant difference in the incidence of
UIAS for Bricker and Wallace anastomoses (11). On the
contrary, Kouba et al. found that Wallace anastomoses had a
lower risk than Bricker anastomoses, but did not rule out a BMI
effect on the results (12). In our study, there was no significant
difference in the incidence of stenosis between Wallace and
Bricker, meanwhile, and BMI had no significant effect on UIAS.
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In the Mullins study, for the 192 patients with radical
resection of the bladder and the UD retrospective study, it was
found that in patients with the Wallace and Bricker operation
method, stenting of the UIAS for the postoperative stricture rate
has no obvious influence but is decreased after the incidence of
intestinal obstruction (13). In our model, all patients underwent
postoperative ureteral stent implantation to help control the
formation of UIAS by transforming risk factors, and the effect of
UIAS could not be determined. Current clinical experience
shows that ureteral stents do not increase the rate of strictures.
In the current study, the left UIAS was more marked than the
right UIAS, as the left ureter passed beneath the sigmoid
mesentery, increasing mobilization and tunneling under the
sigmoid colon. However, in our model, although the left
stricture rate was higher than the right stricture, there was no
statistically significant difference (p = 0.54).

Anderson et al. in their study found that there was no
significant difference in the rate of stricture between the robot-
assisted and open groups (12.6% vs. 8.5%, p = 0.21) (14). In our
institution, all undergoing radical cystectomy and ileal
orthotopic bladder substitution patients adopt laparoscopic
and robot assisted surgery and no significant difference in
robot-assisted group and laparoscopic group.

Richards et al. found the median time to stricture formation
on the right and left ureters to be 235 and 232 days, respectively.
Besides, the length of the distal ureter resected did not
significantly influence the stricture rate. The reason for the
benign UIAS following was multifactorial (7).

There were several possible explanations for the finding of
extracorporeal neobladder anastomoses as a risk factor for
modified UIAS. The free length of the ureter in the external
bladder anastomosis is 5-10 cm longer than the free length of
the ureter in the internal bladder anastomosis, and the blood
supply of the ureter is more affected. Besides, experienced
surgeons choose a larger proportion of the intracorporeal
neobladder anastomoses, better protection of the ureteral
blood supply, more delicate tissue processing, more detailed
surgical skills, less probability of uretero-ileum anastomosis
leakage, and therefore a lower rate of stricture.

Nevertheless, this study had some limitations that are
important to mention. For the retrospective studies and due to
many confounding factors of collected data, retrospective studies
often have substantial advantages to biomarker evaluation. The
cases included in this study are all from the Zhejiang Provincial
People’s Hospital, which may be biased in the establishment of
risk prediction models. Future research can increase the sample
size or multi-center data to reduce the bias in experiment
inclusion and improve the accuracy of risk assessment model
predictions. Since some patients may have stricture but have no
symptoms, it is still unknown whether the rate of stricture was
not detected in time.
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Conclusions

Benign UIAS after ileal UD had a multifactorial etiology. In
our series, intraoperative or postoperative blood transfusion,
postoperative urinary tract infection, and extracorporeal
neobladder anastomoses increased the risk of UIAS after
radical cystectomy and ileal ureteral diversion. In addition,
reducing the dissociation of the distal end of the ureter and
protecting the blood supply of the ureter are essential to
reducing the rate of stricture.
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Patients’ related sexual
outcomes in colorectal surgery

Emilie Liot™, Niki Christou™***!, Sandra de Sousa’,
Jacques Klein?, Iranmanesh Pouya®, Danae Gued;*,
Nicolas C. Buchs** and Frédéric Ris**

'Division of Digestive Surgery, University Hospitals of Geneva, Geneve, Switzerland, 2Unit of Surgical
Research, University of Geneva, Genéve, Switzerland, 3Service de Chirurgie Digestive,
Endocrinienne et Générale, University Hospital of Limoges (CHU) de Limoges, Limoges, France,
“Division of Urologic Surgery, Department of Surgery, University Hospitals, Genéve, Switzerland

Background: Patients undergoing colorectal surgery (CRS) have an increased
risk of developing sexual disorders, attributed to different mechanisms. In this
context, sexual function (SF) assessment of patients before and after surgery is
essential: to identify risk factors for sexual disorders as well as to minimize their
impact on overall quality of life (QoL), allowing them a satisfying relationship
and sexual life.

Material and methods: Patients over 18 years of age who underwent a CRS in
the University Hospital of Geneva, Switzerland, between June 2014 and
February 2016 were included. Our main objective was to compare and
analyze the evolution of SF, Qol, and marital satisfaction (MS) before and
after CRS. Specific and standardized tests were used.

Results: A cohort of 72 patients with a median age of 58.73 was analyzed. The
majority of CRS was elective (91.5%). A percentage of 52.8% of patients
underwent surgery for oncological reasons. There was no statistical
difference in SF, sexual QolL, and MS before and after elective or emergency
CRS for men. Interestingly, a significant decrease in women's SF (FSFI) as well as
their satisfaction within their couple (Locke—Wallace) until 12 months after
surgery was found (p = 0.021). However, they showed a steady SF (GRISS)
within their couple until 12 months after surgery.

Conclusion: Regarding knowledge about difficulties to talk about this intimate
topic and gender differences, this general overview raises the question of the
necessity to introduce in a long-course follow-up different methods of sexual
health assessment with specific stakeholders.

KEYWORDS

sexual function, marital satisfaction, colorectal surgery, assessment, patient
related outcome

Abbreviations: IIEF, International Index of Erectile Function; FSFI, Female Sexual Function Index; GRISS,
Golombok, Rust Inventory of Sexual Satisfaction; Locke-Wallace, Locke-Wallace relationship

adjustment test.
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Introduction

Colic and rectal resections are common procedures
performed daily within a department of general surgery. It
encompasses many benign and malign pathologies. The
majority of publications linked to colorectal surgery aim at
highlighting different kinds of outcome such as mortality,
morbidity, and oncological/disease results.

However, with the improvement in the management of
colorectal pathologies due to minimally invasive techniques
(laparoscopy, robot-assisted surgery) (1), the adjunction of
therapies like chemotherapy and/or radiotherapy in case of
cancer (2), but also with the increase of inflammatory bowel
disease (IBD) diagnosis especially among young patients (3, 4), it
is necessary to assess specific outcomes after colorectal surgery.
Thus, functional results and potential complications within the
domain of sexuality have to be evaluated. Sexual function is one of
the aspects of quality of life that may be disrupted after surgery. In
case of colorectal surgery, sexual disorders appear to be
multifactorial. During dissection, the superior and/or inferior
hypogastric plexus may be damaged and linked to major sexual
disorders like erectile dysfunction, problems of ejaculation,
decrease of libido or lubrification, and dyspareunia (5).
Psychological stress and body image modifications due to the
surgery also imply sexuality alterations (6). Finally, the type of
colorectal pathology with its dissemination/extension in the pelvis
(colorectal cancers, inflammatory bowel diseases) and also its
specific medical treatments can modulate sexual functions (7).

The aim of this study is to assess the impact of colorectal
surgery on both sexual function and quality of life of patients
and their partners.

Materials and methods
Data source

This monocentric prospective study focused on patients who
underwent a colorectal surgery between June 2014 and February
2016 at Geneva University Hospitals, Switzerland, and was
approved by the Health Research Ethics Board at the
University of Geneva (CER 14-111).

Patient population

Inclusion criteria were heterosexual patients in a stable
relationship understanding French and having benefited from
elective or emergency colorectal surgery in Geneva University
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Hospital for colorectal cancer or diverticular or bowel
inflammatory diseases. No patient was included in the
database twice.

Pregnant patients, patients under 18 years of age, those who
have fulfilled only one questionnaire, those who died during the
study, patients without sexual activity, patients with tumoral
progression during the follow-up or having left the study, and
homosexual patients were excluded.

Methods

This study compared sexual function and marital
satisfaction before and after colorectal surgery in both men
and women.

All participating subjects provided written informed consent.

Questionnaires

Validated questionnaires were given to patients waiting for
elective or emergency colorectal surgery before (before surgery
or during the hospital stay according to the degree of emergency)
and after (at 3, 6, and 12 months follow-up) surgery. They were
filled out without help.

For the assessment of the sexual function, gender-specific
questionnaires were used: the International Index of Erectile
Function for men [IIEF] and the Female Sexual Function Index
for women [FSFI].

For the evaluation of the quality of life, the Locke-Wallace
relationship adjustment test [marital satisfaction] and the GRISS
[quality of sexual life] were used.

The IIEF is a 15-item questionnaire, assessing all dimensions
of male sexual function: erectile function, orgasmic function,
sexual desire, intercourse satisfaction, and overall satisfaction
(8). Each item is scored on a five-point scale, and the overall
score (OS) (minimum: 5 to maximum: 75 points) is obtained by
adding each item score. Erectile dysfunction (ED) is classified as
severe ED (OS between 1 and 10), mild to moderate ED (11-25),
and no ED (=26).

The FSFI questionnaire is a 19-item questionnaire, assessing
all aspects of female sexual function: desire, arousal, lubrication,
orgasm, satisfaction, and pain (9). Each item is scored on a six-
point scale with an OS (minimum of 2 and maximum of 36
points) obtained by combining each item score. An OS lower than
23 defines a poor sexual function, an OS between 23 and 29 means
a good sexual function, and an OS greater than 29 corresponds to
a very good sexual function. The overall score is lower than 26 in
the presence of one or more dysfunctions in specific areas.
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The Locke-Wallace Marital Adjustment Test is a 15-item
test, assessing the level of couple satisfaction by underlining the
extension of agreement/disagreement between partners. Each
item is scored from 0 to 35. OS (a minimum 2 and a maximum
of 158 points) is obtained by adding each item score. The
severity of issues encountered by the partners can be classified
as serious (OS <80), difficulties (OS 80-100), and no problems
(OS >100) (10).

The GRISS is a 28-item questionnaire assessing the existence
and severity of sexual problems within the couple and for each
partner. There is a version for each gender. Various aspects of
the relationship are explored: communication, non-genital
physical contact, dissatisfaction, avoidance of sexual
intercourses, frequency of sexual activity, and impotence and
premature ejaculation for men and anorgasmia and vaginismus
for women. The obtained overall score measures the sexual
dysfunction: the higher the score, the greater the sexual
dysfunction. The score ranges from 0 to 10, and values higher
than 5 indicate sexual dysfunction.

Outcomes and covariates definition

The main outcome was the evolution of both sexual function
and marital satisfaction of patients after colorectal surgery.

Statistical analysis

Results are expressed as medians with interquartile range
(IQR) for quantitative variables and qualitative variables.

Comparisons before and after surgery were done with
ANOVA test (analysis of variance).

In order to bring out a significant change concerning the
different tests before and after surgery, inclusion of a minimum
of 20 patients in each group was necessary. Around 200 patients
are operated each year for a colorectal pathology in the
department, and considering a minimum attendance, a
satisfactory statistical power could be achieved in 2 years.

Results

Questionnaires were proposed to 103 patients. Of these
patients, 31 did not meet the inclusion criteria. After the
exclusion process, 72 patients were included (Figure 1).

Among the 72 patients, 56 (77.8%) were men and 16 (22.2%)
were women. Patients’ characteristics are described in Table 1
with a median age of 58.73 years (50.37-68.54). The median
body mass index (BMI) was 25.60 kg/m? (23.58-28.40).

Various comorbidities were present within the cohort:
active smoking (42.9%), cardiovascular background (31.0%),
regular alcohol consumption (26.8%), dyslipidemia (18.3%),
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immune insufficiency (11.6%, due to immunosuppressive
therapy such corticosteroids), psychiatric disorders (11.3%),
and diabetes (4.2%).

Most surgical interventions (91.5%) were elective procedures.
In 52.8% of cases, surgery was performed for oncological reasons
and in 30.6% for benign non-inflammatory bowel diseases. The
disease had double localization (small and large intestine) in 8.4%
of cases whereas it was only localized in the colon in 19.4%, in the
rectum in 23.6%, or in the sigmoid in 48.6%. There were 17 of 38
oncological patients (44.7%) who received a neoadjuvant treatment.

Preoperative setting

At the time of surgery, women had a mean FSFI overall score
of 28 indicating a good sexual function, a mean overall score for
the Locke-Wallace Marital Adjustment Test of 118 meaning a
good agreement within the couple, and a mean GRISS score of
61 (Tables 2, 3).

For men, the preoperative mean IIEF score was 49
corresponding to no erectile dysfunction, the mean overall
score for the Locke-Wallace Martial Adjustment Test was 119
showing no disagreement between partners, and the mean
GRISS score was 62 (Tables 2, 4).

Postoperative setting and evolution

After surgery, women indicated that their own sexual
function (FSFI) slightly decreased until 12 months (Figure 2)
as well as their satisfaction within their couple (Locke-Wallace
Marital Adjustment Test) (p = 0.021 between LWAT scores
before surgery and 6 months after surgery) (Figure 2). However,
they showed a steady sexual function (GRISS) within their
couple until 12 months after surgery (Figure 2).

Regarding men, they assessed their own sexual function as
quite stable (IIEF) until 12 months after surgery as well as their
satisfaction within their couple (Locke-Wallace) and their sexual
function within their couple (GRISS) (Figure 3).

Discussion

One of the interests of this study is to highlight sexuality, a
subject too often taboo for caregivers but nevertheless essential
for the quality of life of their patients. Thanks to this research, we
have a detailed view of the sexual health of the patients as well as
their development within their couple before surgery.
Interestingly, we find that patients waiting for elective surgery
have an overall satisfactory sexuality and relationship.

Moreover, this study demonstrates that colorectal surgery
regardless of indication (including inflammatory disease and
oncological pathology) and location of the intestinal resection
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TABLE 1 Characteristics of the population included.

Age
Median (Q1, Q3)
Min-max

Indication

Adenoma (low-grade dysplasia)

Inflammatory bowel disease

Cancer

Non-inflammatory bowel disease

Polyp (high-grade dysplasia)

Localization

Unique
Right colon
Transverse colon
Left colon
Sigmoid
Rectum

Double
Colon and rectum
Tleum and cecum

Sigmoid and appendix

Neoadjuvant radiochemotherapy

No

Yes
Emergency

No

Yes
Diabetes

No

Immunodepression
No
Yes
BMI
Median (Q1, Q3)
Min-max
Psychiatric_disorder
No
Yes
Dyslipidemia
No
Yes
Alcohol
No
Yes
Cardiovascular pathology
No
Yes
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Female (N = 16)

56.59 (48.15, 68.67)
36.98-73.37

0 (0.0%)
1(6.2%)
9 (56.2%)
6 (37.5%)
0 (0.0%)

1 (6.2%)
0 (0.0%)
2 (12.5%)
8 (50.0%)
4 (25.0%)

0 (0.0%)
1 (6.2%)

0 (0.0%)

8 (66.7%)
4 (33.3%)

16 (100.0%)
0 (0.0%)

16 (100.0%)
0 (0.0%)

9 (56.2%)
7 (43.8%)

14 (87.5%)
2 (12.5%)

25.85 (22.67, 28.63)
19.00-36.10

13 (81.2%)
3 (18.8%)

12 (75.0%)
4 (25.0%)

15 (93.8%)
1 (6.2%)

13 (81.2%)
3 (18.8%)

84

Male (N = 56)

58.73 (50.65, 68.48)
25.69-83.89

1(1.8%)
9 (16.1%)
29 (51.8%)
16 (28.6%)

1(1.8%)

7 (12.5%)
1 (1.8%)

3 (5.4%)

27 (48.2%)

13 (23.2%)

1 (1.8%)
3 (5.4%)
1 (1.8%)

38 (74.5%)
13 (25.5%)

49 (89.1%)
6 (10.9%)

52 (94.5%)
3 (5.5%)

31 (57.4%)
23 (42.6%)

47 (88.7%)
6 (11.3%)

25.45 (23.60, 28.40)
19.80-33.50

50 (90.9%)
5 (9.1%)

46 (83.6%)
9 (16.4%)

37 (67.3%)
18 (32.7%)

36 (65.5%)
19 (34.5%)

10.3389/fonc.2022.968978

Total (N = 72)

58.73 (50.37, 68.54)
25.69-83.89

1 (1.4%)
13.9%)
52.8%)
30.6%)
1 (1.4%)

10 (
38 (
22(
(

8 (11.1%)
1 (1.4%)
5 (6.9%)

35 (48.6%)
17 (23.6%)

1 (1.4%)
4 (5.6%)

1 (1.4%)

46 (73.0%)
17 (27.0%)

65 (91.5%)
6 (8.5%)

68 (95.8%)
3 (4.2%)

40 (57.1%)
30 (42.9%)

61 (88.4%)
8 (11.6%)

25.60 (23.58, 28.40)
19.00-36.10

63 (88.7%)
8 (11.3%)

58 (81.7%)
13 (18.3%)

52 (73.2%)
19 (26.8%)

49 (69.0%)
22 (31.0%)
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Flow Diagram
Assessed for eligibility, n= 103 patients having benefited
from colorectal surgery between June 2014 and February 2016
=
Inclusion:
Heterosexual patients in a stable relationship understanding
French and having benefited from elective or emergency
colorectal surgery in Geneva University Hospital for colorectal
cancer, diverticular or bowel inflammatory diseases
Excluded (n= 27)
e Pregnant patients,
« Patients under 18 years old,
e Those who have fulfilled only
one questionnaire,
> e Those who died during the
study,
« Patients without sexual activity,
* Patients with tumoral evolution
during the follow-up
« Patients having left the study
* Homosexual patients
Analyzed (n=72)
"
e Cancer (n=38)
* Inflammatory bowel disease (n=10)
e Others (n=22)
FIGURE 1

Flow diagram.

(right colon, transverse colon, sigmoid, rectum, or both) is not
linked to modifications of sexual functions, sexual quality of life,
or marital satisfaction.

After reviewing the literature, most studies in the field of
colorectal surgery analyze mortality and morbidity and aim to
identify their risk factors. However, few of them are interested in
functional complications of such procedures like sexual

dysfunctions. These are focused on oncological surgery and
especially in the subgroup of men (11) and the rectal location
(12-14).

Indeed, in colorectal surgery, the surgical procedures of the
rectum are more concerned about sexual dysfunctions as pelvic
localization means dissection along the superior and/or
inferior hypogastric plexus contributing to the innervation of

TABLE 2 Overall results for marital satisfaction and sexual quality of life.

Preoperative period 3 months after surgery

(N =72) (N =72)

GRISS total

Median 64.0 62.0
(Q1, Q3) (58.5, 66.5) (59.5, 66.0)

Min-max 45.0-93.0 44.0-85.0
Locke-Wallace

Median 124.5 118.0
(Q1, Q3) (103.2, 139.0) (100.5, 135.7)

Min-max 12.0-156.0 14.0-157.0
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6 months after surgery 12 months after surgery Total
(N =72) (N = 72) (N = 288)
63.0 61.0 63.0
(59.7, 67.0) (57.5, 65.0) (58.0, 66.0)
53.0-73.0 53.0-76.0 44.0-93.0
120.5 1215 1215
(105.2, 132.7) (97.0, 131.7) (101.2, 136.0)
34.0-148.0 37.0-151.0 12.0-157.0
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TABLE 3 Summary outcomes for women.

GRISS_total
Mean (SD)
Median (Q1, Q3)
Min-max
Locke-Wallace
Mean (SD)
Median (Q1, Q3)
Min-max
IFSE_total
Mean (SD)
Median (Q1, Q3)

Min-max

preop (N = 16)

65.14 (9.27)
63.50 (61.00, 67.00)
53.00-93.00

119.53 (24.20)
126.00 (104.00, 137.50)
63.00-152.00

28.09 (5.40)
30.00 (26.25, 31.75)
14.10-35.40

3 months (N = 16)

62.50 (5.80)
63.00 (60.00, 66.25)
50.00-70.00

124.90 (18.16)
128.50 (113.75, 135.75)
92.00-152.00

24.97 (9.51)
30.00 (22.70, 30.90)
2.90-33.00

6 months (N = 16)

67.82 (4.38)
68.00 (63.50, 71.50)
62.00-73.00

104.70 (33.96)
119.50 (83.00, 126.50)
34.00-140.00

19.18 (12.52)
20.60 (7.45, 30.60)
1.90-34.80

10.3389/fonc.2022.968978

12 months (N = 16)

65.36 (6.12)
63.00 (61.50, 69.50)
57.00-76.00

107.82 (30.45)
121.00 (84.50, 130.50)
52.00-141.00

22.68 (8.52)
23.25 (19.23, 28.52)
2.30-35.00

Total (N = 64)

65.26 (6.89)
64.00 (61.25, 69.75)
50.00-93.00

114.67 (27.38)
124.50 (102.25, 134.75)
34.00-152.00

24.15 (9.32)
27.30 (19.80, 31.17)
1.90-35.40

genital organs. Moreover, men are more concerned by
colorectal cancer: around 1 million of men versus 846,000
women in 2020 worldwide (15) despite a trend to women in
some countries (16).

Following this statement, at first sight, one limit of our work
is to have encompassed both localization of the colon and
rectum. However, it is important here to stress out that colon
surgery in the right or transverse colon, which are not localized
into the pelvis, and regardless of indication for surgery, may also
lead to sexual dysfunctions. Indeed, sexual function is linked to
several factors. Among them, we can point out psychological
factors (stress, apparition of a disease, modifications of the body
image with presence of potential stoma bag, issues within
relationships, patients” social situation, etc.) and physical issues
due to treatments (medications, chemotherapy, biotherapy,
radiotherapy, surgery). Consequently, not only rectal surgery

TABLE 4 Summary outcomes for men.

with its specific localization but also colonic surgery should be
given special attention regarding sexual dysfunctions through a
biopsychomedical perspective.

In our study, we used homogenous and validated tests
concerning sexual domains.

Our results regarding sexual functions are in accordance
with those of Traa et al. (17), where no changes were found
before and after colorectal cancer surgery.

Interestingly, we found a significant decrease in women’s
sexual function (FSFI) as well as their satisfaction within their
couple (Locke-Wallace) until 12 months after surgery. In
contrast, they showed a steady sexual function (GRISS) within
their couple until 12 months after surgery.

Regarding men, the evolution over time for both their own
sexual function and within the couple but also their satisfaction
within the couple seems stable.

GRISS total
Mean (SD)
Median (Q1, Q3)
Min-max

Locke-Wallace
Mean (SD)
Median (Q1, Q3)
Min-max

TIEF total
Mean (SD)
Median (Q1, Q3)

Min-max
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preop (N = 56)

61.67 (6.37)
64.00 (56.00, 66.00)
45.00-73.00

118.96 (26.54)
122.00 (103.50, 141.50)
12.00-156.00

48.84 (19.84)
51.50 (41.50, 65.00)
7.00-74.00

3 months (N = 56)

61.24 (8.11)
62.00 (58.00, 66.00)
44.00-85.00

111.75 (31.35)
111.00 (98.50, 132.50)
14.00-157.00

46.59 (18.55)
48.00 (35.00, 59.75)
5.00-71.00

6 months (N = 56)

6131 (4.69)
61.00 (57.00, 65.00)
53.00-70.00

119.22 (20.80)
120.50 (109.75, 137.50)
80.00-148.00

49.32 (18.70)
56.00 (38.00, 62.25)
5.00-74.00

86

12 months (N = 56)

60.53 (4.27)
60.00 (57.00, 63.50)
53.00-70.00

113.95 (27.61)
122.00 (98.00, 131.00)
37.00-151.00

48.49 (21.50)
53.00 (35.00, 67.00)
5.00-75.00

Total (N = 224)

61.23 (6.08)
62.00 (57.00, 65.00)
44.00-85.00

116.09 (26.89)
120.00 (100.75, 137.00)
12.00-157.00

48.26 (19.57)

52.00 (36.50, 65.00)
5.00-75.00
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Evolution of sexual function and marital satisfaction after
colorectal surgery, in women

140

[ 124,9 1
119,53

Pre-operative period 3-month post surgery 6-month post surgery 12-month post surgery

® Griss_total m Locke-Wallace = FSFI_total

FSFI score, Locke-Wallace Marital Adjustment Test and GRISS score are expressed in mean (SD)

*p=0.021 between Locke-Wallace — Women before surgery and Locke-Wallace — Women 6 months after
surgery

FIGURE 2
Evolution of sexual function and marital satisfaction after colorectal surgery, in women.

Thus, these results and differences seem to point out the differences toward sexuality function and sexual health (18).
necessity to conduct a deeper analysis with different Moreover, sexuality is a topic of privacy and in some ways may
methodologies to assess the accuracy and veracity of these be difficult to speak about, needing trust and confidentiality (19).
answers. Indeed, it is well-known that there are gender-related Even in the healthcare system, the subject brings caution and

Evolution of sexual function and marital
satisfaction after colorectal surgery, in men

Pre-operative period 3-month post surgery 6-month post surgery 12-month post surgery

m Griss_total m Locke-Wallace m IIEF_total

IIEF score, Locke-Wallace Marital Adjustment Test and GRISS score are expressed in mean (SD)

FIGURE 3
Evolution of sexual function and marital satisfaction after colorectal surgery, in men.
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sometimes has not even been considered in the discussion or
assessed before surgery between the surgeon and the patient
according to a recent survey (20).

This study did not have the ambition to focus and assess
specific sexual dysfunctions or sexual unwell-being after specific
pathologies or subgroup of women or men. It is more an
overview about the topic of sexual function and health of
patients undergoing colorectal surgery.

Strengths

The major interest of our study, contrary to those of the
current literature, is to analyze sexual dysfunctions after
colorectal surgery whatever indication, localization, or gender.
Contrary to other studies, our analysis was based on
validated questionnaires.

Limitations

The main limit of our work is the presence of a small number
of persons especially in the subgroup of women where the
number of 20 that was expected was not reached. This can be
explained by the need of time for patients to fill out the
questionnaires because they are detailed. Thus, some patients
had the tests without having completed them, whereas others
were total non-responders. Moreover, a longer follow-up would
have been more suitable. Other limits can be pointed out and
will have to be taken into account for the next research. More
recent data after 2016 have to be studied and compared with
these ones; all the colorectal procedures have been included in
our work, which can be a reason for bias as the number of rectal
cases is less and it is well documented that sexual function is
mostly affected by rectal dissection. Nevertheless, it is important
to highlight that there are many studies which deal with quality
of life after rectal surgeries, but there are very limited studies
which deal exclusively with sexual functions after such surgeries,
making our study an important one. Our study covers an
extremely wide group of patients (malignant-benign, colon-
rectal resections, presence—absence of stoma). The fact that it
was conducted in a small group precludes any subgroup analysis.
Furthermore, we can underline that studies involving larger and
different populations may be interesting and valuable: thus, in
future studies, we will include homosexual and bisexual patients
and those without an apparent “sexuality.”

Conclusion

Interestingly, in this monocentric study, colorectal surgery does
not influence sexual function and sexual quality of life in both men
and women whatever the indication until 1 year after surgery.
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However, preservation of the sexual function as well as the
marital satisfaction of colorectal patients should be of major
concern for the involved caregivers, alongside outcomes like
morbidity, mortality, or oncological results. Sexual disorders
should be assessed, as other aspects of quality of life, before
and after surgery to identify their occurrence and offer
appropriate care. The use of standardized and validated
questionnaires, if possible by involving the partner, ensures
quality follow-up.

These results should be confirmed by larger multicentric studies.
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Background & objectives: An effective tool for forecasting the survival of BCLM
is lacking. This study aims to construct nomograms to predict overall survival
(OS) and breast cancer-specific survival (BCSS) in breast cancer patients with
de novo lung metastasis, and to help clinicians develop appropriate
treatment regimens for breast cancer lung metastasis (BCLM) individuals.
Methods: We gathered clinical data of 2,537 patients with BCLM between 2010
and 2015 from the Surveillance, Epidemiology, and End Results (SEER)
database. Cox regression analysis was employed to identify independent
prognostic parameters for BCLM, which were integrated to establish
nomograms by R software. The discriminative ability and predictive accuracy
of the nomograms were assessed using the concordance index (C-index),
receiver operating characteristic (ROC) curves, and calibration plots. Kaplan—
Meier analyses were applied to evaluate the clinical utility of the risk
stratification system and investigate the survival benefit of primary site
surgery, chemotherapy, and radiotherapy for BCLM patients.

Results: Two nomograms shared common prognostic indicators including age,
marital status, race, laterality, grade, AJCC T stage, subtype, bone metastasis,
brain metastasis, liver metastasis, surgery, and chemotherapy. The results of
the C-index, ROC curves, and calibration curves demonstrated that the
nomograms exhibited an outstanding performance in predicting the
prognosis of BCLM patients. Significant differences in the Kaplan—Meier
curves of various risk groups corroborated the nomograms’ excellent
stratification. Primary site surgery and chemotherapy remarkably improved
OS and BCSS of BCLM patients whether the patients were at low-risk or
high-risk, but radiotherapy did not.

Conclusions: We successfully developed prognostic stratification nomograms
to forecast prognosis in BCLM patients, which provide important information
for indicating prognosis and facilitating individualized treatment regimens for
BCLM patients.
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Introduction

The incidence of breast cancer (BC) is highest among
malignant tumors, and breast cancer is one of the leading
causes of cancer-related death worldwide (1). When breast
cancer patients are first diagnosed, approximately 5%-10% of
them have distant metastasis (2). The lung is the second most
common metastatic site in breast cancer patients (3). In a
study encompassing 11,568 patients with metastatic breast
cancer, 36.4% of patients had lung metastasis (4). Despite
amelioration in diverse treatments, including radiotherapy,
chemotherapy, or targeted therapy, the prognosis of breast
cancer patients with lung metastasis remains poor with a
median survival of 13 to 21 months (4, 5). In addition, a
large proportion of breast cancer lung metastasis (BCLM)
patients always suffer severe complications synchronously,
leading to a high mortality rate in BCLM patients. The
survival-related risk factors of BCLM have been reported (4),
but an effective tool for forecasting the survival of BCLM is
lacking.

Recently, nomograms have been extensively used in
tumor prediction as a reliable predicted tool (6, 7). Thus, in
this study, we exploited data from the Surveillance,
Epidemiology, and End Results (SEER) database to identify
independent prognostic factors associated with survival in
BCLM patients, and developed nomograms to predict OS
and BCSS in patients with BCLM. Besides, we built a risk
stratification system based on the nomogram models and
evaluated the benefit of different treatments in diverse
stratified risk groups.

Methods
Data collection and study design

We used SEER*Stat 8.3.9 to acquire the data of adult
patients who were primarily diagnosed with breast cancer
lung metastasis between 2010 and 2015 (n=4,834). Patient
demographic characteristics (sex, age, marital status, and
race), disease characteristics (site, laterality, grade, American
Joint Committee on Cancer (AJCC) T stage, AJCC N stage,
molecular type, and distant metastatic sites), treatment
modalities (surgery, chemotherapy, and radiotherapy) and
survival status (survival time, vital status and cause of death)
were included in our study. The selection process of detailed
inclusion and exclusion criteria is displayed in Figure 1.
Eventually, 2,537 eligible patients were extracted for further
study. There was no need for formal consent in this type of
retrospective study.
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Statistical analysis

We randomly allocated eligible patients into training and
validation cohorts at a ratio of 7:3. According to the cause of
death classification in the SEER database, the time from the
date of diagnosis to death from any cause was defined as
overall survival (OS), and the time from the date of diagnosis
to the date of death from breast cancer was defined as breast
cancer-specific survival (BCSS).

The characteristics of the training cohort and the validation
cohort were compared using the chi-squared test. Univariate and
multivariate Cox analyses were utilized to identify independent
risk factors for prognosis. All of the identified independent
risk factors were employed to construct nomograms for
estimating 1-, 2-, and 3-year OS and BCSS. The discriminative
ability of the nomograms was assessed using the C-index and
ROC curves. The predictive capacity of the nomograms was
tested by calibration plots, which can estimate the predicted
and observed survival probability. Based on the aggregate score
of the clinicopathological baseline data in the nomograms,
breast cancer patients with lung metastasis were divided into
low-risk and high-risk groups. Kaplan-Meier survival analyses
were applied to assess the discriminatory power of the risk
stratification system and investigate the survival benefit of
primary site surgery, chemotherapy, and radiotherapy for
BCLM patients in different risk groups.

All of these analyses were executed using packages
(including caret, rms, foreign, survival, and survivalROC) in R
software (version 4.0.4; http://www.r-project.org). A two-sided
P <0.05 was considered statistically significant.

Results
Patient characteristics

Through rigorous selection, as shown in Figure 1, a total of
2,537 breast cancer patients with initial lung metastasis were
included for analysis (1,777 patients in the training set and
760 patients in the validation set). Patients of the entire
cohort were found to have a median survival time of 25
months (95% CI: 24-27), and have 0.695 (95% CI: 0.677-
0.713), 0.509 (95% CI: 0.490-0.529), 0.388 (95% CI 0.369-
0.407) of 1-, 2-, 3-
Demographics and clinicopathologic characteristics of BCLM

year survival rates respectively.
patients were displayed in Table 1. In the training cohort,
most of the patients were female (98.4%, 1748) and white
(72.8%, 1294), and the age of patients was mainly distributed
among middle-aged and senior people (40-59 years old:
38.4%, 682; 60-79 years old: 44.1%, 784). BCLM patients with

higher grades and higher T stages accounted for a higher
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SEER 18 Registries database (2010-2015) BC with positive follow-up
and lung metastasis at presentation, breast cancer as the only diagnosed
or Ist of 2 or more primary cancer (N=4834)
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Subtype unknown (720)

Race unknown (9)

Marital status unknown (227)
Bilaterality, laterality unspecified (78)
Grade unknown (581)

T stage unknown and Tx (293)

N stage unknown and Nx (291)
Surgery status unknown (12)

metastasis (N=2623)

Breast cancer patients with lung

A4

a. Bone metastasis unknown (26)
b. Brain metastasis unknown (42)
c. Liver metastasis unknown (18)

Patients for further study (N =2537)

—

Training set (N = 1777)

Validation set (N = 760)

FIGURE 1
The flowchart of patients selected in the present study.

proportion. Moreover, more than half of BCLM patients were
HR+/HER2-. Furthermore, the proportion of chemotherapy-
received patients was almost two times of the surgery- or
32.6%, and 30.0% in the
training cohort, respectively. In addition, the incidence of
bone metastasis in BCLM patients was the highest (53.0%),
followed by liver metastasis (28.1%).

radiotherapy-received, 65.5%,

Univariate and multivariate cox regression
analysis

The results generated by univariate Cox analysis are listed in
Supplementary Table S1. We identified twelve variables
including age, marital status, race laterality, grade, AJCC T
stage, subtype, bone metastasis, brain metastasis, liver
metastasis, surgery, and chemotherapy, that were statistically
associated with the OS and BCSS of BCLM patients. These
twelve variables were included in multivariate analysis, and

the results suggested that all of the twelve variables were
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confirmed as final prognostic factors for OS and BCSS
(Table 2).

Construction and validation of
nomograms

The twelve final prognostic factors were then used in the
nomogram establishment. In each nomogram, every variable
was assigned a special score according to the point scale
(Table 2). The nomogram showed that the tumor subtype
contributed the most to prognosis, followed by age and brain
metastasis. By calculating the sum scores of each patient’s
clinical covariates, we can estimate the 1-year, 2-year, and
3-year OS and BCSS on the “total points” axis (Figures 2A,B).

The internal verification of the training set and external
verification of the validation set were used to assess the
credibility of the nomograms. The C-index of the OS
nomogram was 0.701 in the training cohort and 0.699 in the
validation cohort, and the C-index of the BCSS nomogram
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TABLE 1 Demographics and clinicopathologic characteristics of the
cohort with BCLM.

Variables Overall Training Validation P-
(N= cohort cohort value
2537) (N=1777) (N =760)

Sex 0.862

Female 2,497 (98.4%) 1,748 (98.4%) 749 (98.6%)

Male 40 (1.6%) 29 (1.6%) 11 (1.4%)

Age 0.708

<40 166 (6.5%) 113 (6.4%) 53 (7.0%)

40-59 956 (37.7%) 682 (38.4%) 274 (36.1%)

60-79 1,130 (44.5%) 784 (44.1%) 346 (45.5%)

80+ 285 (11.2%) 198 (11.1%) 87 (11.4%)

Marital status 0.573

Married 1,116 (44.0%) 788 (44.3%) 328 (43.2%)

Unmarried 1,421 (56.0%) 989 (55.7%) 432 (56.8%)

Race

White 1,833 (72.3%) 1,294 (72.8%) 539 (70.9%) 0.6

Black 484 (19.1%) 334 (18.8%) 150 (19.7%)

Other 220 (8.7%) 149 (8.4%) 71 (9.3%)

Site 0.676

Inner 277 (10.9%) 200 (11.3%) 77 (10.1%)

Outer 733 (28.9%) 515 (29.0%) 218 (28.7%)

Other 1,527 (60.2%) 1,062 (59.8%) 465 (61.2%)

Laterality 0.516

Left 1,272 (50.1%) 883 (49.7%) 389 (51.2%)

Right 1,265 (49.9%) 894 (50.3%) 371 (48.8%)

Grade 0.511

I-1I 1,076 (42.4%) 746 (42.0%) 330 (43.4%)

-1V 1,461 (57.6%) 1,031 (58.0%) 430 (56.6%)

AJCC_T 0.655

T1-2 957 (37.7%) 665 (37.4%) 292 (38.4%)

T3-4 1,580 (62.3%) 1,112 (62.6%) 468 (61.6%)

AJCC_N 0.789
NoO 523 (20.6%) 369 (20.8%) 154 (20.3%)

N1-3 2,014 (79.4%) 1,408 (79.2%) 606 (79.7%)

Subtype 0.248
HR+/HER2— 1,293 (51.0%) 897 (50.5%) 396 (52.1%)
HR+/HER2+ 471 (18.6%) 346 (19.5%) 125 (16.4%)
HR—/HER2+ 276 (10.9%) 185 (10.4%) 91 (12.0%)
HR—/HER2— 497 (19.6%) 349 (19.6%) 148 (19.5%)

Bone 0.165
No 1,215 (47.9%) 835 (47.0%) 380 (50.0%)

Yes 1,322 (52.1%) 942 (53.0%) 380 (50.0%)

Brain 0.199
No 2,307 (90.9%) 1,607 (90.4%) 700 (92.1%)

Yes 230 (9.1%) 170 (9.6%) 60 (7.9%)

Liver 0.244
No 1,842 (72.6%) 1,278 (71.9%) 564 (74.2%)

Yes 695 (27.4%) 499 (28.1%) 196 (25.8%)

(continued)
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TABLE 1 Continued

Variables Overall Training Validation P-
(N= cohort cohort value
2537) (N=1777)  (N=760)

Surgery 0.378

No 1,723 (67.9%) 1,197 (67.4%) 526 (69.2%)

Yes 814 (32.1%) 580 (32.6%) 234 (30.8%)

Chemotherapy 0.174

No/Unknown 897 (35.4%) 613 (34.5%) 284 (37.4%)

Yes 1,640 (64.6%) 1,164 (65.5%) 476 (62.6%)

Radiation 0.371

No/Unknown 1,762 (69.5%) 1,244 (70.0%) 518 (68.2%)

Yes 775 (30.5%) 533 (30.0%) 242 (31.8%)

For marital status, unmarried consists of single, divorced, separated, and
widowed; For race, ‘other’ includes American Indian, AK Native, Asian, and
Pacific Islander; For grade, Grade | means well-differentiated, grade Il means
moderately differentiated, grade Ill means poorly differentiated, Grade IV
means undifferentiated or anaplastic.

was 0.708 in the training group and 0.697 in the validation
group (Supplementary Table S2). In the training set, the area
under the time-dependent ROC curve (AUC) of the
nomogram to predict 1-, 2- and 3-year OS and BCSS ranged
from 0.745 to 0.753 (Figures 3A,B). In the validation cohort,
the AUC values of the nomogram to predict 1-, 2- and 3-year
OS and BCSS ranged from 0.749 to 0.763 (Figures 3C,D).
The calibration curves in both the training cohort and
validation cohort showed good consistency between the
model-based predictions and the actual observations (Figure 4).

Risk stratification system

Based on the nomogram, we further established a risk
classification and evaluated the impact of clinicopathological
baseline data risk on the prognosis of patients. We calculated
the sum scores of ten independent predictors (including age,
marital status, race, laterality, grade, AJCC T stage, subtype,
bone metastasis, brain metastasis, and liver metastasis), only
demographic characteristics and disease characteristics were
included. The median of the sum scores was set as the
threshold. Above the median of predicted total scores was
defined as high risk, as well below the median of predicted
total scores was defined as low risk. For OS, BCLM patients
were split into the low-risk group (scores < 147) and the high-
risk group (scores >147). For BCSS, BCLM patients were
separated into the low-risk group (scores < 139) and the high-
risk group (scores >139). In the total cohort, the patients at
low risk had better OS and BCSS compared with all BCLM
patients, the BCLM patients at high risk showed worse OS
and BCSS compared with all BCLM patients (Figures 5A,B).
The Kaplan-Meier curves visibly differentiated the prognostic
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TABLE 2 Multivariate Cox regression analysis for overall survival (OS) and breast cancer-specific survival (BCSS) of BCLM patients in the training

cohort.
Variables BCSS

HR (95% CI) P-value Points HR (95% CI) P-value Points
Sex
Female - - - - - -
Male - - - - - -
Age
<40 Reference 0 Reference 0
40-59 1.288 (1.005-1.651) 0.0453 19 1.322 (1.019-1.715) 0.0358 20
60-79 1.480 (1.155-1.897) 0.0020 30 1.427 (1.099-1.854) 0.0077 26
80+ 2.458 (1.844-3.277) 0.0000 68 2.264 (1.666-3.078) 0.0000 60
Marital status
Married Reference 0 Reference 0
Unmarried 1.319 (1.177-1.478) 0.0000 21 1.2991.151-1.466) 0.0000 19
Race
White Reference 14 Reference 15
Black 1.228 (1.065-1.415) 0.0047 30 1.184 (1.017-1.377) 0.0293 27
Other 0.833 (0.678-1.023) 0.0819 0 0.814 (0.653-1.014) 0.0660 0
Site
Inner - - - - - -
Outer - - - - - -
Other - - - - - -
Laterality
Left Reference 0 Reference 0
Right 1.160 (1.041-1.293) 0.0074 11 1.163 (1.036-1.306) 0.0104 11
Grade
1-II Reference 0 Reference 0
II-1V 1.402 (1.236-1.590) 0.0000 26 1.493 (1.304-1.709) 0.0000 20
AJCC_T
T1-2 Reference 0 Reference 0
T3-4 1.307 (1.164-1.468) 0.0000 20 1.354 (1.196-1.534) 0.0000 22
AJCC_N
NO - - - - - -
N1-3 - - - - - -
Subtype
HR+/HER2— Reference 18 Reference 18
HR+/HER2+ 0.789 (0.669-0.930) 0.0048 0 0.777 (0.652-0.926) 0.0047 0
HR—-/HER2+ 1.207 (0.982-1.485) 0.0738 32 1.102 (0.881-1.377) 0.3950 26
HR—-/HER2— 2.937 (2.492-3.462) 0.0000 100 3.051 (2.566-3.629) 0.0000 100
Bone
No Reference 0 Reference 0
Yes 1.355 (1.198-1.532) 0.0000 23 1.3206 (1.1583-1.5057) 0.0000 20
Brain
No Reference 0 Reference 0
Yes 1.926 (1.618-2.294) 0.0000 50 1.9160 (1.593-2.305) 0.0000 48
Liver
No Reference 0 Reference 0
Yes 1.644 (1.451-1.863) 0.0000 38 1.778 (1.559-2.028) 0.0000 42

(continued)
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Variables oS BCSS

HR (95% CI) P-value Points HR (95% CI) P-value Points
Surgery
No Reference 20 Reference 21
Yes 0.770 (0.680-0.872) 0.0000 0 0.747 (0.654-0.853) 0.0000 0
Chemotherapy
No/Unknown Reference 35 Reference 32
Yes 0.633 (0.556-0.721) 0.0000 0 0.648 (0.563-0.745) 0.0000 0
Radiation
No/Unknown - - - - - -
Yes - - - - - -

differences between the low-risk and the high-risk groups,
indicating the excellent clinical utility of the nomograms.

Kaplan Meier analyses of different
treatments in stratified risk groups

According to stratified risk groups, we further investigated
the survival benefit of primary site surgery, chemotherapy,
and radiotherapy for BCLM patients. As illustrated in
Figures 6A,D, primary site surgery remarkably prolonged OS
of BCLM patients in both the low-risk (P <0.0001) and high-
risk groups (P <0.0001). Furthermore, chemotherapy had a
favorable effect on the OS of BCLM patients in both the low-
(P <0.0001) (P <0.0001)
(Figures 6B,E). However, radiotherapy neither improved the
OS of BCLM patients in the low-risk group (P=0.98) nor
improved the OS of those in the high-risk group (P=0.55)
(Figures 6C,F). The same outcomes could be observed for

risk and  high-risk  groups

BCSS of BCLM patients as shown in Figure 7. The outcomes
above showed that primary site surgery and chemotherapy are
beneficial to BCLM patients, whether they are at low-risk or
high-risk.

Discussion

It is universally known that diverse clinicopathological
parameters and molecular characteristics are closely related to
in BCLM patients.
retrospective study reported that the prognosis of BCLM

clinical outcomes For example, a
patients is dissatisfactory, with an 11-month median survival
time in TNBC, and better outcomes of 31 months in HR
+/HER2+ (4). BCLM patients who suffer the additional
metastatic disease at distant sites (brain, liver, bone) obtain
worse survival results compared to patients without distant

metastases (8). For the complexity of the multivariate
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prognostic factors affecting the survival of BCLM patients, it
was difficult to estimate the survival outcomes for BCLM
patients. Therefore, we developed two prognostic nomograms
to predict OS and BCSS for BCLM patients.

In the present study, age, marital status, race, laterality,
grade, AJCC T stage, subtype, bone metastasis, brain
metastasis, liver metastasis, surgery, and chemotherapy were
found to be independent predictors of OS and BCSS. Chen S
et al. have reported that age, race, marital status, pathological
grade, molecular subtype, and extrapulmonary metastatic sites
were survival risk factors for BCLM (5). In BCLM, age, black
HR—-/HER?2 + subtype,
higher grade had an adverse influence on the long-term

race, triple-negative subtype, and
prognosis of patients, while HR+/HER?2 + subtype and marital
status showed a favorable effect on the long-term survival of
patients (4). These results were generally consistent with our
reports. Additionally, we found that laterality is also a survival
predictor for BCLM patients, and breast cancer on the left
side has a better prognosis than breast cancer on the right
side, which is not shown in other studies. The reason for this
may be selection bias, and more studies and further
prospective randomized trials with rigorous inclusion criteria
are eagerly awaited to verify our results. In addition, the T
stage was also associated with the prognosis of BCLM, and a
lower T stage implied better survival. Furthermore, other
primary surgery
chemotherapy were also identified as significant predictors of

factors mentioned above, site and
prognosis.

Two nomograms were established to visualize the predictive
survival of BCLM patients based on the results of multivariate
Cox analysis. The nomograms in the present study could
accurately estimate the prognosis of BCLM patients, which is
helpful to the clinical management of patients. For the
purpose of better understanding the use of the nomograms,
we took a patient with BCLM as an example. A 50-year-old
woman, married, white, right side of breast cancer, grade IV,

AJCC T4, HR-/HER-, with lung metastases from breast
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Nomograms for predicting 1-, 2-, and 3-year (A) overall survival (OS) and (B) breast cancer-specific survival (BCSS) for BCLM patients. HR, hormone
receptor; HER2, Human epidermal growth factor receptor 2; AJCC, American Joint Committee on Cancer.

cancer, and no metastases beyond the lung, received surgery and respectively. Traditionally, the main treatment for metastatic
chemotherapy, the patient had approximately 67%, 45%, and breast cancer is normally palliative care and supportive care,
28% of 1-, 2-, and 3-year overall survival probabilities, which aims at maintaining the quality of life and relieving
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symptoms. An accurate survival estimation can assist clinicians
and patients in making the most appropriate treatment plan,
and was conducive to the rational utilization and allocation of
medical resources. If the predicted survival rate is good, we
can choose a more aggressive treatment strategy. If the
predicted survival rate is poor, negative treatment methods
such as palliative care and supportive care are more suitable
for the patients, so as to avoid the side effects caused by
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aggressive treatment and improve the quality of life.

Predicting the survival risk of BCLM patients can facilitate

individualized treatment regimens, which is of great

significance for improving the prognosis and quality of life for
BCLM patients.

We used multiple methods to verify the clinical efficacy of
the constructed nomograms. The predictive performance of
the nomograms and

was evaluated by discrimination
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Kaplan—Meier curve of (A) overall survival (OS) and (B) breast cancer-specific survival (BCSS) to test the stratification system in the total cohort. All: all

calibration internally and externally. The C-index was
approximately 0.7, suggesting a good discrimination ability of
the nomograms. The AUC values of 0.7 to 0.8 indicated that
our nomograms showed great predictive ability for the
prognosis of BCLM patients. The calibration curves showed
excellent consistency between the actual observations and the
predicted outcomes in predicting OS and BCSS, which
guaranteed the reliability of the established nomograms. We
also stratified the prognostic risk of BCLM patients based on
nomograms. The significant difference in Kaplan-Meier
curves among the low-risk and the high-risk groups
confirmed the excellent predictive ability of the nomograms.
In our research, primary site surgery and chemotherapy
could remarkably prolong OS and BCSS of BCLM patients no
matter whether the patients were at low-risk or high-risk.
Currently, chemotherapy, targeted therapy, and endocrine
therapy are beneficial to the long-term survival of metastatic
breast cancer and are the first-line treatment strategies for
advanced breast cancer. But the role of primary site surgery
(breast still

controversial. For stage IV breast cancer, resection of the

resection) in metastatic breast cancer is
primary tumor can reduce tumor burden and control cancer-
related symptoms. Conversely, it has also been reported that
primary site surgery may accelerate the emergence of distant
metastasis by inducing angiogenesis and proliferation of
distant dormant micrometastases (9). In terms of existing
evidence, some studies showed that breast cancer patients
with bone metastasis alone can benefit from resection of the
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primary tumor, while patients with visceral metastasis do not
(10-12). However, another study showed that surgery is
related to better OS in breast cancer patients with single
metastasis to the liver, lung, or brain (13). The NCCN
guidelines for breast cancer suggest that surgery at the
primary site is not recommended except for patients who can
benefit from initial systemic therapy (14). Radiotherapy, as a
local treatment, is often used as adjuvant therapy for breast
cancer receiving breast-conserving surgery. Radiotherapy also
has been a palliative treatment strategy that aims to control
tumor progression and suppress tumor-related symptoms for
cancer patients with metastatic diseases. Radiotherapy had
improvement in locoregional recurrence, however, this does
not translate into an advantage in the overall survival of
early-stage breast cancer patients (15, 16). Few high-evidence
studies like randomized controlled trials were conducted to
investigate the effect of radiotherapy among de novo stage IV
breast cancer patients so far. Our results showed that
radiotherapy did not improve the survival outcomes of BCLM
patients. But as an effective strategy in controlling local
lesions, radiotherapy is often used in combination with drug
therapy for advanced breast cancer. Our results could provide
some basis for the treatment choice of patients with BCLM to
some extent.

Inevitably, some limitations were in this research. First,
there is no data on the different options of the systemic
treatment used. Endocrine therapy and targeted therapy play
vital roles in the treatment of metastatic or advanced breast
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FIGURE 7

Kaplan—Meier curves of different treatments for risk stratification in terms of BCSS. Kaplan—Meier curves of primary surgery in the low-risk group (A)
and high-risk group (B); Kaplan—Meier curves of chemotherapy in the low-risk group (C) and the high-risk group (D); Kaplan—Meier curves of
radiotherapy in the low-risk group (E) and the high-risk group (F).
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cancer, but the information was not recorded in the SEER
database, leading to the deviation of patient survival
prediction to some extent. Second, information about lung
metastases was absent, such as the data on the type of
metastatic lesions to the lungs (single, multiple). A large
number of retrospective studies have presented obvious
benefits for BCLM patients who undergo pulmonary
metastasectomy (17-20). The number of lung metastasis
influences the choice of the further procedure because a single
lesion to the lung was possibly to select surgical excision, and
the lack of relevant information may affect the accuracy of the
model in predicting survival. Third, other metastatic sites that
may affect the prognosis of metastatic breast cancer, such as
the peritoneum, other internal organs, or skin, were not
collected in this study. Fourth, we do not take the general
condition of patients into account owing to the inherent
biases in the SEER database (21), which often affects the
therapeutic possibilities. Finally, although our models showed
excellent predictive performance, they had not been validated
in other centers or databases.

In conclusion, age, marital status, race, laterality, grade,
AJCC T stage, subtype, bone metastasis, brain metastasis, liver
metastasis, surgery, and chemotherapy were identified as
independent prognostic indicators for BCLM. The first
prognostic nomogram created for BCLM can excellently
predict individual survival and assist clinicians in optimizing
individualized treatment strategies for BCLM patients.
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Background: This study introduces an alternative palliative surgical procedure
called laparoscopic bridge choledochoduodenostomy (LBCDD) for patients
with advanced malignant obstructive jaundice (AMOJ).

Methods: Patients with AMOJ who had LBCDD between January 2017 and
August 2021 were identified from databases of two institutions in China.
Results: A total of 35 patients (male 12; female 23) with an average age of 64
years were enrolled. The average diameter of the tumor is 4.24 cm. All
patients undertook LBCDD within an average operation time of 75 min with
a mean blood loss of 32 ml. One patient had controlled bile leakage after
the operation and two developed surgical site infection involving the
epigastric orifices. All of them were solved by conservative treatment. All
patients were discharged smoothly after an average hospital stay of 5.5 days,
and no conversion to open surgery was required.

Conclusions: LBCDD is a safe and efficient palliative surgery, which has a good
therapeutic effect on patients with AMOJ.

KEYWORDS

obstructive jaundice,
bilioenteric anastomosis

choledochoduodenostomy, laparoscopic, biliary drainage,

Introduction

Malignant obstructive jaundice can cause many adverse events including severe
cholangitis, lower the quality of life, and increase mortality, which can occur following
pancreatic cancer, hilar cholangiocarcinoma, and periampullary carcinoma (1-4). For
advanced malignant obstructive jaundice (AMOJ) with no chance for radical cure,
although combined treatment and local treatment are indispensable (5-7), effective
and reliable biliary drainage is the most important palliative treatment (1-4, 8, 9).

Abbreviations

AMO]J, advanced malignant obstructive jaundice; LBCDD, laparoscopic bridge choledochoduodenostomy;
OS, overall survival; PTBD, percutaneous transhepatic biliary drainage; EBD, endoscopic biliary drainage;
ASA, American Anesthesiology Association; CBD, common bile.
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Percutaneous transhepatic biliary drainage (PTBD), endoscopic
biliary drainage (EBD) and bilioenteric anastomosis are the
commonly used clinical methods for AMO]J at present (2, 9,
10). As an external biliary drainage, PTBD may lead to
nutritional loss, gastrointestinal dysfunction, and a series of
stable immune systems due to the long-term loss of large
amounts of bile (3, 9, 11-13). Moreover, with low compliance,
tube outside the body may cause psychological burden (3, 9,
11). As internal biliary drainage, EBD and bilioenteric
anastomosis can avoid external biliary drainage problems.
However, EBD cannot be applied to cases of severe biliary
obstruction (4, 9, 11). Bilioenteric anastomosis is considered
to be the most effective palliative treatment for advanced
malignant obstructive jaundice. However, for malignant cases
involving high bile duct position, some patients cannot
complete bilioenteric anastomosis because of the short normal
bile duct, such as advanced hilar cholangiocarcinoma (8, 14,
15). Therefore, we present a new laparoscopic surgical
duct and
duodenum through a T-tube and constructs a bile internal

procedure, which bridges the common bile

drainage. The new surgical procedure was called laparoscopic
bridge choledochoduodenostomy (LBCDD), as the T-tube
acted as a bridge for bile drainage in this surgical procedure.
This surgical method may provide an alternative way of
internal bile drainage for AMOJ. The present study is to
assess the efficacy, safety, and feasibility of this novel surgical
procedure.

Methods
General information and grouping

Patients with AMOJ who had LBCDD between January
2017 and August 2021 were identified from the electronic
database of Central Hospital of Dengzhou and Henan
Provincial People’s Hospital. Inclusion criteria included
patients with obstructive jaundice due to bile duct and
pancreatic, ampullary, or duodenal malignancy who had lost
the opportunity for radical or transformational therapy. The
current treatment for these patients is mainly to relieve
jaundice, and the patients or their family members refused
external drainage and strongly required internal drainage. The
present study was approved by the ethics committee of the
hospitals. All patients signed the informed consent. A total of
35 patients with AMOJ] who had LBCDD were enrolled.
Fifteen cases of pancreatic carcinoma, 12 cases of terminal
bile duct carcinoma, 5 cases of ampullary carcinoma, and 3
cases of duodenal adenocarcinoma were involved in this
study. All

computed tomography (CT), magnetic resonance imaging

diagnosis was confirmed by B-ultrasound,

(MRI), or magnetic resonance cholangiopancreatography
(MRCP). Among them, 21 patients also had preoperative
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endoscopic procedures. Because most of the patients did not
receive tumor resection or puncture biopsy, their diagnosis
was clinical diagnosis without histopathological confirmation.
Each operation was evaluated repeatedly on the basis of
data
laparoscopy to ensure surgical safety. All patients had a good

preoperative and intraoperative situations under

clinical record and were identified as being in an advanced
stage, losing the chance of radical surgery. Recorded data such
blood
investigations, surgical data, postoperative variables, and

as symptoms, comorbidities, imaging  studies,
follow-up data were collected. Continuous variables are
represented by median values. The Charlson Comorbidity
Index (CCI) was used to define the severity of comorbid
conditions. Since patients’ readmission to hospital may be
strongly influenced by factors other than their condition, we

did not count readmissions for evaluation.

Positions of trocars and trimming of
T-tube of LBCDD

Patients were placed in supine position or slightly inclined
to the left on the operation table. After performing general
anesthesia and intubation, the operating area was then
disinfected. A 10 mm incision was first made at the right edge
of the umbilicus and a 10 mm trocar was placed. Then, the
laparoscope was placed after the pneumoperitoneum was
constructed. Under the guidance of the laparoscope, two
trocars for surgical instruments were placed below the xiphoid
process (10 or 12 mm) and 2 cm below the costal margin of
the right upper quadrant along the median line of the clavicle
(5 mm), respectively (Figure 1A). If assistance is required, a
trocar (5mm) can also be placed along the midline of the
clavicle 2 cm below the costal margin of the right upper
quadrant. The T-tube serves as a bridge for bile from the
common bile duct into the duodenum, retaining a length of
10-12 cm to ensure that the distal T-tube of the duodenum
can pass through the duodenal papilla (Figure 1B).

Surgical procedure of LBCDD and
relevant precautions

After the exploration of the abdominal cavity, the common
bile duct was exposed first (Figure 2A). An opening was made
in the duodenum below the common bile duct, and a
presutured double-layer suture was performed around
(Figure 2B). The trimmed T-tube was placed in the common
bile duct and fixed (Figure 2C). After the distal end of the T-
tube was placed in duodenum through the open (Figure 2D),
tightened
(Figure 2E). Then, the adjacent greater omentum tissue was

pulled to cover the T-tube (Figure 2F).

the presutured double-layer suture line was

frontiersin.org


https://doi.org/10.3389/fsurg.2022.1056093
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

Lianyuan et al.

10.3389/fsurg.2022.1056093

FIGURE 1

Positions of trocars and trimming of T-tube. Patients were placed in the supine position or slightly inclined to the left on the operation table. After
general anesthesia and intubation, the operating area was then disinfected. A 10 mm incision was first made at the right edge of the umbilicus and a
10 mm trocar was placed. Then, the laparoscope was placed after the pneumoperitoneum was constructed. Under the guidance of the laparoscope,
two trocars for surgical instruments were placed below the xiphoid process (10 or 12 mm) and 2 cm below the costal margin of the right upper
guadrant along the median line of the clavicle (5 mm), respectively (A). If assistance is required, a trocar (5 mm) can also be placed along the
midline of the clavicle 2 cm below the costal margin of the right upper quadrant. The T-tube serves as a bridge for bile from the common bile
duct into the duodenum, retaining a length of 10-12 cm to ensure that the distal T-tube of the duodenum can pass through the duodenal
papilla (B).

FIGURE 2

Surgical procedure of laparoscopic bridge choledochoduodenostomy. After the exploration of the abdominal cavity, the common bile duct was
exposed first (A). An ostomy was made in the duodenum below the common bile duct, and a presutured double-layer suture was performed
around (B). The trimmed T-tube was placed in the common bile duct and fixed (C). After the distal end of the T-tube was placed in duodenum
through the ostomy (D), the presutured double-layer suture line was tightened (E). Then the adjacent greater omentum tissue was pulled to
cover the T-tube (F). GB, gall bladder.

The surgical procedure can be simplified into three steps.
The first step is to place a trimmed T-tube into the common
bile duct and suture it for fixation. The second step is to place
the distal end of the T-tube into the duodenal open and
suture it for fixation. Then, adjacent tissues such as the
greater omentum can be used to cover the exposed portion
of the T-tube. It should be emphasized that the opening of
the bile duct and duodenum should be as close together as
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possible and that the length of the T-tube in the duodenal
lumen should extend beyond the duodenal papilla.

During the operation, to prevent bile or intestinal contents
leaking into the abdominal cavity from the cutting open, we
usually put an aspirator in the precut open position before
incision, which can suck up the leaked bile or intestinal
contents and minimize the abdominal pollution. Prophylactic
application of the second-generation cephalosporin was
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applied for 24 h postoperatively, which could be extended to
48h for individual patients according to intraoperative
conditions.

Statistical analysis and follow-up

The cumulative summation (CUSUM) test was applied for
the quantitative estimation of the learning curve (plotting the
operation time and blood loss, and determination of the case
number to achieve mastery) as described (16). Continuous
variables were presented as mean+SD and mean (range).
Follow-up was performed by trained investigators through
telephone calls, by recording the consultations of patients at
the outpatient clinic every 2 weeks for 2 months postoperatively.

Results

A total of 35 patients were enrolled, including 12 males and
23 females with a mean age of 64 (£10.65) years. The average
body mass index of all patients was 26.15 (+3.5). The average
diameter of the tumor is 4.24 (+1.11) cm, with a minimum of
3.5cm and a maximum of 9.5 cm. Among them, 27 patients
have a diameter of over 4 cm. All operations were performed
within an average operating time of 75 (45-120) min with a
mean blood loss of 32 (5-150) ml. The range of preoperative
total bilirubin of all patients was between 135.1-632.5 mol/L,
with a mean value of 241.24 +101.55 mol/L. Patients who
developed comorbidities were kept in the ICU for 1 day after
the operation. There was one patient who developed a
controlled bile leak and two had surgical site infection (SSI)
involving the epigastric port. All of them were resolved
through a conservative way. The drain tube was removed 3
days postoperatively after a routine abdominal imaging
examination, except the cases who had bile leak. There are no
postoperative mortalities. All the patients were discharged
smoothly with a mean hospital stay of 5.5 days, and no
conversion to open surgery was required. During the mean
follow-up duration of 14 (+4.3) months, no anastomose-
related long-term complications have been found, which
include strictures, cholangitis, or pancreatitis (Table 1). After
operation, 29 patients received further chemotherapy and 8
accepted radiotherapy. By the end of December 2021, 29
patients had died, of which 1 patient died of gastrointestinal
bleeding, and the others died of malignant fluid and systemic
failure caused by the tumor. The median survival was 8.2
(+4.1) months. All patients were followed up and the results
showed that total bilirubin had fallen below 50 mol/L in all
patients 2 weeks after surgery.

Based on a visual analysis of the learning curve, a peak was
noted in the 13th case (detailed information is listed in the
Supplementary Material). Therefore, case 13 was defined as
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TABLE 1 Patient and surgery characteristics.

Variable value Value (mean + SD)

Age (years) 64 +10.65
Sex
Male 12 (34.3%)
Female 23 (65.7%)

Diagnosis (cases)
Pancreatic carcinoma 15 (42.86%)
Terminal bile duct carcinoma 12 (34.29%)

Ampullary carcinoma 5 (14.29%)

Duodenal adenocarcinoma 3 (8.57%)
Body mass index (kg/m?) 26.15+3.5
CBD diameter (cm) 1.5+0.7

Total bilirubin (mol/L) 241.24+101.55

ALT (U/L) 86+ 107
Tumor diameter (cm) 424+1.11
AJCC stage
11T 16 (45.9%)
v 19 (54.1%)

Charlson comorbidity index

0 27 (77.1%)
1-3 8 (22.9%)
Operative time (min) 75 (45-120)
Blood loss (ml) 32.0 (5-150)
Complication 3 (8.6%)
Bile leak 1 (2.9%)
SSI-superficial 2 (5.7%)
Hospital stays (days) 55+25

SD, standard deviation; CBD, common bile duct; SSI, surgical site infection.

the learning-curve cutoff point regarding surgical time, blood
loss, and complications after which the learning curve declined.

Discussion

Our study showed that the majority of AMO]J patients were
elderly (64 £ 10.65 years), and females were 1.92 times as many
as males. Since there was no opportunity of radical surgery for AMOJ
patients, solving jaundice was the most important way to prolong life
and improve their life quality. Most of the patients have a large
tumor above 4 cm, which severely compacts or infiltrates the
bile duct, making EBD impossible to perform. Bilioenteric
anastomosis is reported including choledoduodenostomy and
choledojejunostomy. This procedure could not be performed in
patients enrolled in this study, mainly because the high bile duct
was invaded by the tumor, and there was no sufficient length of
normal bile duct for the anastomosis (17-19). Moreover,
bilioenteric anastomosis has the risk of complications such as
anastomotic leak and strictures (14, 15, 19, 20).
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LBCDD is a novel internal drainage procedure, which
avoids a series of external drainage-related complications such
as weakened immunity and impaired gastrointestinal function
caused by chronic and massive bile loss. In addition, with a
high degree of compliance, LBCDD does not need to wear
any tubes outside the body. LBCDD applied T-tube to
drainage bile from common bile duct to the duodenum. A T
was tube used as a bridge, which establish a channel between
bile duct and duodenum. The T-tube length was controlled in
10-12 cm, so as to cross the duodenal papilla, which ensures
that various digestive enzymes are activated away from the
duodenal opening. Moreover, we used the greater omentum to
cover the T-tube between the bile duct and duodenum. Those
measures have effectively reduced the risk of anastomotic
leaks. Duodenal leak is considered dreaded when we begin the
procedure; however, none of the cases had this complication.
Although the published leak rate of choledojejunostomy is
2%-7% (14, 15, 17), there is only one case of biliary leakage.
In addition, there are two cases of surgical site infection. All
of them occurred in the early stages of our learning curve.
According to the follow-up data, the total bilirubin of all
patients had fallen below 50 mol/L 2 weeks after surgery, and
no delayed postoperative complications such as cholangitis,
pancreatitis, and strictures occurred. Therefore, for patients
with AMOJ who cannot be treated with EBD or bilioenteric
anastomosis, as a safe surgical procedure, LBCDD may be an
alternative for internal bile drainage.

In addition, the operation process of the present operation is
simple and the operation time is short. Most of them can be
completed around 1h in the later stage of the term curve
(after the learning-curve cutoff point of the 13th case), with
an average operative time of 75 (£31) min. On one hand, the
simplified surgical procedures can reduce the complications
related to the operation. On the other hand, it also can reduce
the operation cost and speed up postoperative recovery. The
patient can have a liquid diet on the second day after the
operation. Early eating can improve patient’s in-patient
experience and satisfaction, as well as ensure the patient’s
smooth postoperative recovery. The current study reported a
comparable short hospital stay with a median length of 5.5 days.

Our study shows that LBCDD, as a novel surgical
procedure, is a safe and efficient treatment for AMOJ.
Compared with bilioenteric anastomosis, LBCDD does not
need to cut the small intestine; it has a simpler surgical
procedure, with less bleeding risk, requires no expensive
supplies, and is more physiological. Therefore, LBCDD is
worthy of recommendation. Since our study enrolled only 35
patients, the number is small, and the implementation of this
technique requires sophisticated laparoscopic techniques; the
replication of similar results may not be achieved during the
early stages of performing this procedure. Moreover, this
procedure requires an opening in the duodenum, there is a
theoretical possibility of duodenal leakage for inexperienced
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physicians or patients with poor postoperative management.
However, avoiding a series of external drainage-related
shortcomings and with a high degree of compliance, LBCDD
is a safe and simple operation, which can reduce the
operation cost and speed up postoperative recovery. We
would like to suggest LBCDD as an alternative option.

Conclusion

LBCDD is a safe and efficient palliative surgery, which has a
good therapeutic effect on patients with AMOJ.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

Ethical
institutional review boards of the Ethics Committee of Henan
of
Dengzhou. All patients provided written informed consent to

approval was obtained from the respective

Provincial People’s Hospital and Central Hospital

participate in this study.

Author contributions

Each author took part in the design of the study,
contributed to data collections, and participated in writing the
manuscript, and all agree to accept equal responsibility for
accuracy of the contents of this paper. The authors read and
approved the final manuscript.

Funding

This study was supported by a grant from the Joint Project
of Medical Science and Technology Research Program of
Henan Province (LHGJ20190577, LHGJ20190599, and
LHGJ20210997), Medical Science and Technology Research
Plan of Henan Province, Project Co-built by Provincial
(SB20190319),
Science and Technology Innovation Excellent Young Talents
Training Project (No. YXKC2020044).

Department and Henan Province Health

frontiersin.org


https://doi.org/10.3389/fsurg.2022.1056093
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

Lianyuan et al.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their

References

1. Li J, Zhuo S, Chen B, Liu Y, Wu H. Clinical efficacy of laparoscopic
modified loop cholecystojejunostomy for the treatment of malignant obstructive
jaundice. J Int Med Res. (2020) 48(2):300060519866285. doi: 10.1177/
0300060519866285

2. Pan T, Li MA, Mu LW, Zhu D, Qian JS, Li ZR. Stent placement with iodine-
125 seeds strand effectively extends the duration of stent patency and survival in
patients with unresectable malignant obstructive jaundice. Scand ] Gastroenterol.
(2020) 55(1):123-8. doi: 10.1080/00365521.2019.1707275

3. Sha J, Dong Y, Niu H. A prospective study of risk factors for in-hospital
mortality in patients with malignant obstructive jaundice undergoing
percutaneous biliary drainage. Medicine (Baltimore). (2019) 98(15):e15131.
doi: 10.1097/MD.0000000000015131

4. Varadarajulu S. Endoscopic ultrasound-guided biliary drainage for palliation
of malignant obstructive jaundice. Gastroenterol Hepatol. (2019) 15(2):105-7.
doi: 10.2147/OTT.S312162

5. Li Z, Jiao D, Han X, Liu Z. A comparative study of self-expandable metallic
stent combined with double (125)I seeds strands or single (125)I seeds strand in
the treatment of advanced perihilar cholangiocarcinoma with malignant
obstructive jaundice. Onco Targets Ther. (2021) 14:4077-86. doi: 10.2147/OTT.
$312162

6. Wu JZ, Li CL, Shi HB, Liu S, Yang W, Zhou WZ. Hepatic arterial infusion
chemotherapy following simultaneous metallic stent placement and iodine-125
seed strands for advanced cholangiocarcinoma causing malignant obstructive
jaundice: a propensity score matching study. Jpn J Radiol. (2022) 40(4):396-403.
doi: 10.1007/s11604-021-01212-7

7. Yao J, Kong Y, Wang C, Wei Y, Li H, Liu C. Endobiliary ablation combined
with immune nutrition improves quality of life: a preliminary clinical study in
patients with advanced malignant obstructive jaundice. Med Sci Monit. (2022)
28:€936863. doi: 10.12659/MSM.936863

8. Villegas L, Jones D, Lindberg G, Chang C, Tesfay S, Flemin JB. Laparoscopic
choledochojejunostomy via PTFE-covered stent successfully achieves internal
drainage of common bile duct obstruction. HPB (Oxford). (2005) 7(2):149-54.
doi: 10.1080/13651820410016723

9. Rizzo A, Ricci AD, Frega G, Palloni A, De Lorenzo S, Abbati F, et al. How to
choose between percutaneous transhepatic and endoscopic biliary drainage in
malignant obstructive jaundice: an updated systematic review and meta-analysis.
In Vivo. (2020) 34(4):1701-14. doi: 10.21873/invivo.11964

Frontiers in Surgery

109

10.3389/fsurg.2022.1056093

affiliated organizations, or those of the publisher, the editors
and the reviewers. Any product that may be evaluated in this
article, or claim that may be made by its manufacturer, is not
guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at:

2022.1056093/full#supplementary-material.

https://www.frontiersin.org/articles/10.3389/fsurg.

10. Tang K, Sui L-L, Xu G, Zhang T, Liu Q, Liu X-F. Effects of different
palliative jaundice reducing methods on immunologic functions in patients with
advanced malignant obstructive jaundice. Anticancer Res. (2017) 37(8):4665-70.
doi: 10.21873/anticanres.11870

11. Duan F, Cui L, Bai Y, Li X, Yan J, Liu X. Comparison of efficacy and
complications of endoscopic and percutaneous biliary drainage in malignant
obstructive jaundice: a systematic review and meta-analysis. Cancer Imaging.
(2017) 17(1):27. doi: 10.1186/s40644-017-0129-1

12. Wu J, Song L, Zhang Y, Zhao DY, Guo B, Liu J. Efficacy of percutaneous
transhepatic cholangiodrainage (PTCD) in patients with unresectable pancreatic
cancer. Tumour Biol. (2014) 35(3):2753-7. doi: 10.1007/s13277-013-1363-1

13. Zhu L, Chen X. Change and significance of T-cell subsets and TNF-alpha in
patients with advanced malignant obstructive jaundice treated by percutaneous
transhepatic biliary external and internal drainage. Front Med China. (2007) 1
(4):364-8. doi: 10.1007/s11684-007-0070-y

14. Hori T, Aisu Y, Yamamoto M, Yasukawa D, Iida T, Yagi S, et al
Laparoscopic approach for choledochojejunostomy. Hepatobiliary Pancreat Dis
Int. (2019) 18(3):285-8. doi: 10.1016/j.hbpd.2019.04.004

15. Lee JS, Hong TH. Laparoscopic choledochojejunostomy in various
hepatobiliary and pancreatic surgeries: a single surgeon’s experience.
J Laparoendosc Adv Surg Tech A. (2015) 25(4):305-10. doi: 10.1089/lap.2014.0539

16. Kim H, Kwon H, Lim W, Moon BI, Paik NS. Quantitative assessment of the
learning curve for robotic thyroid surgery. J Clin Med. (2019) 8(3):402. doi: 10.
3390/jcm8030402

17. Cuendis-Veldzquez A, Trejo-Avila ME, Rosales-Castafieda E, Cardenas-Lailson
E, Rojano-Rodriguez ME, Romero-Loera S, et al. Laparoscopic choledochoduodeno-
stomy. Cir Esp. (2017) 95(7):397-402. doi: 10.1016/j.ciresp.2017.07.002

18. Kays JK, Koniaris LG, Milgrom DP, Nakeeb A. Biliary bypass with
laparoscopic  choledochoduodenostomy. ] Gastrointest Surg. (2018) 22
(5):928-33. doi: 10.1007/s11605-017-3663-z

19. Senthilnathan P, Sharma D, Sabnis SC, Srivatsan Gurumurthy S, Senthil
Anand E, Nalankilli VP, et al. Laparoscopic choledochoduodenostomy as a
reliable rescue procedure for complicated bile duct stones. Surg Endosc. (2018)
32(4):1828-33. doi: 10.1007/s00464-017-5868-3

20. Rhodes M, Nathanson L. Laparoscopic choledochoduodenostomy. Surg
Laparosc Endosc. (1996) 6(4):318-21. doi: 10.1097/00019509-199608000-00015

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fsurg.2022.1056093/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fsurg.2022.1056093/full#supplementary-material
https://doi.org/10.1177/0300060519866285
https://doi.org/10.1177/0300060519866285
https://doi.org/10.1080/00365521.2019.1707275
https://doi.org/10.1097/MD.0000000000015131
https://doi.org/10.2147/OTT.S312162
https://doi.org/10.2147/OTT.S312162
https://doi.org/10.2147/OTT.S312162
https://doi.org/10.1007/s11604-021-01212-7
https://doi.org/10.12659/MSM.936863
https://doi.org/10.1080/13651820410016723
https://doi.org/10.21873/invivo.11964
https://doi.org/10.21873/anticanres.11870
https://doi.org/10.1186/s40644-017-0129-1
https://doi.org/10.1007/s13277-013-1363-1
https://doi.org/10.1007/s11684-007-0070-y
https://doi.org/10.1016/j.hbpd.2019.04.004
https://doi.org/10.1089/lap.2014.0539
https://doi.org/10.3390/jcm8030402
https://doi.org/10.3390/jcm8030402
https://doi.org/10.1016/j.ciresp.2017.07.002
https://doi.org/10.1007/s11605-017-3663-z
https://doi.org/10.1007/s00464-017-5868-3
https://doi.org/10.1097/00019509-199608000-00015
https://doi.org/10.3389/fsurg.2022.1056093
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

& frontiers | Frontiers in Surgery

’ @ Check for updates

OPEN ACCESS

EDITED BY
Aali Jan Sheen,
Manchester Royal Infirmary, United Kingdom

REVIEWED BY
Pietro Fransvea,

UOC Chirurgia d’'Urgenza e del Trauma,
Fondazione Policlinico Universitario A. Gemelli,
IRCCS, ltaly

David Morris,

University of New South Wales, Australia
Vagan Bokhian,

Russian Cancer Research Center NN Blokhin,
Russia

*CORRESPONDENCE
Xiao Wang
1490829116@qqg.com

These authors have contributed equally to this
work and share first authorship

SPECIALTY SECTION

This article was submitted to Surgical
Oncology, a section of the journal Frontiers in
Surgery

RECEIVED 07 August 2022
ACCEPTED 31 October 2022
PUBLISHED 06 January 2023

CITATION

Zhang X, Deng C, Wan Q, Zhao R, Han L and
Wang X (2023) Impact of sarcopenia on
postoperative pulmonary complications after
gastric cancer surgery: A retrospective cohort
study.

Front. Surg. 9:1013665.

doi: 10.3389/fsurg.2022.1013665

COPYRIGHT

© 2023 Zhang, Deng, Wan, Zhao, Han and
Wang. This is an open-access article distributed
under the terms of the Creative Commons
Attribution License (CC BY). The use,
distribution or reproduction in other forums is
permitted, provided the original author(s) and
the copyright owner(s) are credited and that the
original publication in this journal is cited, in
accordance with accepted academic practice.
No use, distribution or reproduction is
permitted which does not comply with these
terms.

Frontiers in Surgery

Original Research
06 January 2023
10.3389/fsurg.2022.1013665

Impact of sarcopenia on
postoperative pulmonary
complications after gastric
cancer surgery: A retrospective
cohort study

Xiaofang Zhang", Chaoyi Deng'*, Qianyi Wan®, Rui Zhao®,
Liping Han' and Xiao Wang"**

Department of Anesthesiology, West China Hospital, Sichuan University, Chengdu, China,
2Laboratory of Anesthesia and Critical Care Medicine, National-Local Joint Engineering Research
Center of Translational Medicine of Anesthesiology, West China Hospital, Sichuan University,
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Background: Few studies have investigated the relationship between
sarcopenia and postoperative pulmonary complications (PPCs) after gastric
cancer surgery. This study aimed to explore the impact of sarcopenia on
PPCs in patients who had undergone gastric cancer surgery.

Methods: We included patients who underwent a transabdominal radical
gastrectomy between June 2016 and October 2020. Patients were divided
into two groups according to the median prevalence rate of lumbar triplane
skeletal muscle index (L3 SMI): sarcopenia group (<37.5% percentile in male
and female group) and non-sarcopenia group (>37.5% percentile in male and
female group). Baseline characteristics, intraoperative and postoperative
conditions, pulmonary complications, and overall complications were
compared between the two groups. The primary outcome was the incidence
of PPCs. The secondary outcomes were overall postoperative complications
and length of stay (LOS).

Results: Among the 143 patients included, 50 had sarcopenia and 93 had not.
Compared to the non-sarcopenia group, the sarcopenia group had a higher
the incidence of PPCs (22.0% vs. 8.6%, P =0.024). The incidence of overall
postoperative complications in the sarcopenia group was higher than that in
the non-sarcopenia group (36.00% vs. 20.43%, P=0.043). There was no
significant difference in the LOS between the two groups.

Conclusions: Our research indicates that sarcopenia, preoperative
comorbidities, and longer duration of intraoperative oxygen saturation <95%
were risk factors for PPCs. Sarcopenia is an independent risk factor for
postoperative complications. Given that our results provided a correlation
rather than causation, future prospective randomized trials are needed to
confirm the relationship between sarcopenia and prognosis.

KEYWORDS

sarcopenia, skeletal muscle index (SMI), anesthesia,

complications (PPCs), gastric cancer
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Introduction

Sarcopenia is a complex age-related syndrome characterized
by progressive and generalized loss of skeletal muscle mass and
function (1, 2), with the potential for physical disability, loss of
independence, and adverse consequences, such as death (3, 4).
The etiology of sarcopenia may be related to skeletal muscle
disuse, endocrine changes, chronic wasting disease, systemic
inflammatory responses, insulin resistance, and malnutrition
(5, 6). Excessive inflammatory responses and chronic wasting
disease largely contribute to sarcopenia, especially in patients
with cancer (7). Thus, sarcopenia and cancer are causally
related. Patients with gastric cancer usually have a certain
degree of anorexia and underlying metabolic changes such as
increased energy consumption, catabolism, and inflammation.
These direct effects are exacerbated by the combined effects of
chemotherapy and major gastrectomy, resulting in decreased
nutrient intake. Decreased nutritional intake in patients with
gastric cancer can further aggravate the occurrence and
development of sarcopenia (8, 9).

Gastric cancer is the fifth most common cancer and third
leading cause of cancer-related deaths worldwide (10). Studies
have shown that sarcopenia is an independent factor for
postoperative complications and overall survival in patients
with gastric cancer (11). Studies have shown that sarcopenia
is very common in older people, with a prevalence of 5%-
13% in people aged 60-70 years and 11%-50% in those aged
>80 years of age. Large differences in prevalence are related to
differences in the measurements and cutoffs used to define
of

community residents in China was 4.8% among women and

sarcopenia (12). The prevalence sarcopenia among
13.2% among men aged >70 years (13). The prevalence of
sarcopenia in patients with cancer has significantly increased
by approximately 35.7% (14). With further aggravation of
population aging, the number of older patients with gastric
cancer will gradually increase (15). Surgery remains the most
important treatment for gastric cancer (16). However, the high
incidence of postoperative complications and low survival rate
in such patients have always been a concern for clinicians (17,
18). Postoperative complications have been shown to affect
overall survival (19). Predicting the risk of postoperative
complications and how to better intervene in order to reduce
postoperative complications have become the focus of attention.
Previous studies have shown that patients with sarcopenia have
a higher risk of postoperative complications, longer length of
stay (LOS), and higher hospital costs than patients without
sarcopenia (20). Among the postoperative complications,
anastomotic leakage and pulmonary complications have the
greatest influence on postoperative mortality and prolonged
LOS (21). has
improvements in surgical techniques. Pneumonia or lung-

Anastomotic  leakage decreased  with

related complications are the most common postoperative
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complications in individuals under 80 years of age (22).
Accurately predicting the risk of complications and actively
preventing and doing everything possible to reduce the
occurrence of postoperative pulmonary complications (PPCs)
have become the focus of surgeons and anesthesiologists.
However, few studies have investigated the relationship between
sarcopenia and PPCs after gastric cancer surgery. In this study,
we aimed to investigate the impact of sarcopenia on PPCs in
patients undergoing gastric cancer surgery and to identify other
risk factors for post-operative pneumonia.

Materials and methods
Study design and patients

This single-center, retrospective cohort study used data
obtained from the discharge medical records of patients
undergoing gastrointestinal surgery from June 2016 to
October 2020 in the Department of Gastrointestinal Surgery,
West China Hospital, Sichuan University, Chengdu, China.
This study was approved by the Biomedical Research Ethics
Committee of West China Hospital, Sichuan University, and
was registered at www.chictr.org.cn (ChiCTR1900026578).

Inclusion and exclusion criteria

The inclusion criteria were as follows: age 18-75 vyears;
American Society of Anesthesiologists (ASA) I-III, and plan to
undergo transabdominal radical gastrectomy for clinical stage I-
III gastric cancer. Patients were excluded if their medical
records were incomplete or inaccurate, if they had missing
abdominal computed tomography (CT), or if they had a
history  of gastric
chemotherapy. Proximal (PG), distal (DG), or total gastrectomy

radical resection or  preoperative
(TG) was performed by specialized surgeons, according to the

Japanese Gastric Cancer Treatment Guidelines (23).

Data collection

For each patient, the data were collected by trained
surgeons, radiologists, and anesthesiologists. The surgeons
were trained by experienced surgeons until they were
sufficiently skilled and precise in data collection (as judged by
an experienced surgeon).

The
sociodemographic

basic information was as follows: patient

clinical ~ characteristics,
procedures, The
parameters examined were as follows: the types of resection,

method,

characteristics,

surgical and outcomes. intraoperative

anesthesia operation time (min), mechanical
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ventilation time (min), respiratory parameters (tidal volume
[ml/kg], positive end expiratory pressure [PEEP], airway
pressure, end-tidal carbon dioxide), circulation (systolic and
diastolic blood pressure, heart rate, intraoperative vasoactive
drug use), (SPO,) < 95%
duration, intraoperative infusion volume (colloid volume,

intraoperative pulse oximetry
crystalloid volume), urine volume, and medication data.

After surgery, we monitored: the time of removing the tracheal
tube after surgery (min), days of hospitalization after surgery
(days), hospitalization expenses (yuan), time of removing gastric
tube after surgery (days), postoperative complications, and
pulmonary complications within 15 days after surgery (24),
postoperative destination, whether patient-controlled analgesia
was used, postoperative pathological diagnosis, histological type,
TNM stage, and readmission within 30 days of discharge.

For primary outcomes, we measured PPCs and for
secondary outcome measures, we considered the severity
classification of PPCs, other postoperative complications, and
intra-abdominal infections.

10.3389/fsurg.2022.1013665

Diagnosis of sarcopenia

Sarcopenia was defined as low muscle mass, strength,
and/or physical performance. Previous studies have shown
that lumbar triplane skeletal muscle index (L3 SMI) on CT
is the gold standard for estimating muscle quality (25).
After professional training, imaging physicians identified
and measured the muscle area of the L3 plane and divided
it by the height squared (m?) to obtain the skeletal muscle
index of L3 SMI (cm®/m?®) on the syngo Multimodality
Workplace  software  (Siemens  Medical  Solutions,
Forchheim, Germany).

Studies have shown that the median prevalence of
sarcopenia in patients with gastric cancer is approximately
35.7% (14). Therefore, in this study, we used a median of
35.7% for grouping. In all the medical records collected,
<35.7% of both sexes were classified as the sarcopenia group
and >35.7% as the non-sarcopenia group. A data collection

flowchart is presented in Figure 1.

Patients were enrolled (n=190)

Excluded (n=47)

Distant metastasis (n=26)

No surgery in the end (n=5)

Missing key medical records (n=4)
Benign lesions and other gastric
tumors (n=6)

Missing L3 SMI data (n=5)

Finally included (n= 143)

Other reasons (n=1)

|

l [ Gender

Male:
L3 SMI < the median of 35.7% of men

Female:
L3 SMI < the median of 35.7% of women

No

Sarcopenia (n=50)

Yes

» Non-sarcopenia (n=93) |«

FIGURE 1
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TABLE 1 Baseline characteristics of sarcopenia vs. non-sarcopenia groups.

Sarcopenia group (1 =50) Non-sarcopenia group (n=93) p-value

Age (years) (MeanSD) 59.4 +10.1 55.9+10.7 0.064
Gender: Male (%) 33 (66.0) 62 (66.7) 0.936
Height (cm) M (P25, P75) 163.5 (157.8, 170.0) 165.0 (158.0, 170.0) 0.726
Weight (kg) M (P25, P75) 53.3 (47.5, 60.3) 63.0 (58.0, 70.0) <0.001*
BMI (kg/m?) M (P25, P75) 20.0 (18.0, 21.7) 232 (21.6,25.8) <0.001*
Previous history of abdominal surgery (%) 14/36 (28.0/72.0) 19/74 (20.4/79.6) 0.306
Preoperative complication (%) 20 (40.0) 29 (31.2) 0.289
Hypertension (%) 8 (16.0) 12 (12.9) 0.611
Diabetes (%) 4 (8.0) 8 (8.6) 1.000
Chronic lung disease (%) 7 (14.0) 4 (4.3) 0.081
ASA grade (%)

I 0 (0) 1(L1)

I 36 (72.0) 81 (87.1)

11 14 (28.0) 10 (10.8)
SPO, < 95% when inhaling air (%) 1(2.0) 6 (6.45) 0.434
Surgical approach (Billroth I/RYGB) (%) 21/29 (42.0/58.0) 28/65 (30.1/69.9) 0.153
Surgical types 0.003*
Total gastrectomy 21 (42.0) 29 (31.2)
Proximal gastrectomy 0 (0) 12 (12.9)
Distal gastrectomy 29 (58.0) 52 (55.9)
Pathological diagnosis adenocarcinoma (%) 40 (80.0) 89 (95.7) 0.007*
Histologic Grade (%) 0.783

G2-G3 15 (30.0) 30 (32.2)

G2 9 (18.0) 15 (16.1)

G3 16 (32.0) 38 (40.9)

others 10 (20.0) 10 (10.8)
TNM Stage 0.143

1 11 (22.0) 31 (35.5)

2 17 (34.0) 20 (20.4)

3 22 (44.0) 40 (43.0)
Neutrophils (10°/L) M (P25, P75) 3.0 (24, 4.0) 3.1(25,3.9) 0.912
Lymphocytes (10°/L) M (P25, P75) 1.6 (1.3, 1.9) 1.6 (1.3, 1.9) 0.741
Mononuclear cell (10°/L) M (P25, P75) 0.4 (0.3, 0.5) 0.4 (0.3, 0.5) 0.599
T-BIL (umol/L) M (P25, P75) 8.1 (6.4, 10.8) 10.7 (8.3, 14.5) 0.001*
ALT (IU/1) M (P25, P75) 12.5 (9.0, 17.3) 15.0 (12.0, 23.0) 0.006*
AST (IU/L) M (P25, P75) 19.0 (15.0, 22.3) 19.0 (15.5, 23.0) 0.529
Albumin (g/L) Mean + SD 39.9+4.0 423+39 0.001*
Blood glucose (mmol/L) M (P25, P75) 4.9 (4.6, 5.3) 5.0 (4.6, 5.4) 0.906
Blood urea nitrogen (mmol/L) M (P25, P75) 4.7 (4.0, 6.0) 4.80 (4.4, 5.5) 0.588
Serum creatinine (umol/L) Mean + SD 67.8+15.3 67.9+13.8 0.963
eGFR (ml/min/1.73 m?) M (P25, P75) 98.6 (88.7, 104.3) 96.7 (90.5, 104.3) 0.943
Triglyceride (mmol/L) M (P25, P75) 1.1 (0.9, 1.5) 1.3 (0.8, 1.7) 0.175
Total cholesterol (mmol/L) Mean + SD 43+08 44+09 0.396
HDL (mmol/L) M (P25, P75) 1.2 (1.1, 1.5) 1.2 (0.9, 1.4) 0.369
LDL (mmol/L) Mean + SD 25%0.7 26%0.7 0.348
LDH (IU/L) Mean + SD 146.1 +28.3 155.6 £25.8 0.056
Transferrin (g/L) M (P25, P75) 2.2 (2.0, 2.5) 2.2 (2.0,2.7) 0.563

(continued)
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TABLE 1 Continued

10.3389/fsurg.2022.1013665

Sarcopenia group (n=50) Non-sarcopenia group (n=93) p-value
Prealbumin (mg/L) M (P25, P75) 204.0 (174.0, 229.0) 222.5 (184.3, 257.5) 0.029*
AFP (ng/ml) M (P25, P75) 25 (1.8, 4.0) 3.0 (22, 4.1) 0.183
CEA (ng/ml) M (P25, P75) 2.0 (1.3,3.7) 2.0 (1.1, 3.2) 0.584
CA19-9 (U/ml) M (P25, P75) 10.0 (5.8, 27.4) 109 (7.2, 15.2) 0.835
CA-125 (U/ml) M (P25, P75) 14.1 (8.4, 20.1) 122 (9.4, 17.1) 0.723

SD, standard deviation; M, median; P25, 25% quantile; P75, 75% quantile; BMI, body mass index; ASA, american society of anesthesiologists classification; SPO,, pulse
oximetry; RYGB, roux-en-Y gastric bypass; TNM, stage tumor-lymph node-metastasis staging; T-BIL, total bilirubin; ALT, alanine aminotransferase; AST, aspartate
aminotransferase; eGFR, estimated glomerular filtration rate; HDL, high density lipoprotein; LDL, low-density lipoprotein; LDH, lactate dehydrogenase; AFP, alpha-
fetoprotein; CEA, carcinoembryonic antigen; CA19-9, carbohydrate antigen 19-9; CA-125, carbohydrate antigen 125.

*statistically significant (P < 0.05).

Complications definition

PPCs were defined as any of the following postoperative
conditions within 15 days after operation: initial ventilation
support for >48 h, re-intubation due to respiratory failure or
pneumonia, respiratory infection, respiratory failure,
bronchospasm, atelectasis, pleural effusion, pneumothorax, or
aspiration pneumonia (26). The severity of PPCs was
classified as 0-5, in which 0 indicates that PPCs have no
symptoms or signals, 1-4 indicates gradual deterioration of
complications, and 5 indicates death before discharge (27). A
grade of at least 2 was defined as severe PPCs. Postoperative
complications were defined as any deviation from the normal
postoperative course and were graded according to the

Clavien-Dindo classification (28).

Statistical analysis

The Shapiro-Wilk test was used to test the normality of
The Student’s t-test was used for

quantitative data of normal and approximately normal

continuous variables.

distribution, and the meantstandard deviation was used for
quantitative data of severely skewed distributions. For such
distributions, the rank sum test was used and the data were
expressed as median (25% quantile, 75% quantile). Categorical
variables were analyzed using the chi-squared or Fisher’s exact
test, and classified variable data were expressed as numbers
and percentages. Univariate logistic regression analysis was
used for the univariate analysis. Variables with significant
trends and known prognostic values, such as age, were
selected as potential parameters in the univariate analysis.
Forward stepwise variable selection was used to establish a
multivariate logistic regression. All tests were bilateral (except
for logistic regression analysis) and were considered
statistically significant at P <0.05. The IBM SPSS statistical
software version 23.0 (SPSS Inc., Chicago, IL) was used for

the statistical analysis.

Frontiers in Surgery

114

Results
Comparison of baseline characteristics

A total of 143 patients met the inclusion criteria and were
included in the study. The basic patient information is
in Tables 1, 2. They were divided into
sarcopenia and non-sarcopenia groups according to the
abdominal CT-guided L3 SMI, and the median prevalence
rate was 35.7%.

Compared with those in the non-sarcopenia group, the

summarized

patients in the sarcopenia group had lower body weight
(kg) (P<0.001), BMI (kg/mz) (P<0.001), and preoperative
blood albumin (P=0.001). In addition, serum prealbumin
(mg/L) (P=0.029), T-BIL (uM) (P =0.001), and ALT (IU/L)
(P=0.006) levels were also lower. The intraoperative small
dose of remifentanil (ug/h) was lower (P=0.041). The
intraoperative tidal volume (ml/kg) of kilogram body weight
(ml/kg) in the sarcopenia group was larger than that in the
non-sarcopenia group (P<0.001). As for the types of
surgical resection, most distal gastrectomies were performed
in the two groups, accounting for >50% in each group,
while there was no proximal gastrectomy in the sarcopenia
group (P=0.003). The postoperative use of an intravenous
analgesia pump was lower in the sarcopenia group than in
the group (P =0.037). of
pathological diagnosis, adenocarcinoma was lower in the

non-sarcopenia In terms
sarcopenia group than in the non-sarcopenia group (P=
0.007). Other preoperative and intraoperative factors were

not significantly different between the two groups.

Comparison of short-term outcomes

Compared with the non-sarcopenia group, the sarcopenia
group had worse outcomes for the incidence of the PPCs
(P=0.024). the incidence

Moreover, of postoperative
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TABLE 2 Perioperative management of sarcopenia vs. non-sarcopenia groups.

10.3389/fsurg.2022.1013665

Sarcopenia group (n=50)  non-sarcopenia group (n=93)  p-value

Operation time (mins) M (P25, P75) 154.0 (130.0, 177.5) 150.0 (130.0, 179.3) 0.957
Colloidal fluid (ml/h) Mean+SD 203.0 +£129.5 215.0+97.9 0.536
Crystal liquid (ml/h) Mean+SD 555.6 +166.2 540.1 £ 165.6 0.595
Urine volume (ml/h/kg) M (P25, P75) 1.5 (0.5, 2.6) 1.3 (0.8,2.1) 0.971
Sevoflurane (ml/h) M (P25, P75) 15.44 (0, 20.9) 15.4 (0, 19.6) 0.662
Desflurane (ml/h) M (P25, P75) 0 (0, 3.9) 0 (0, 6.6) 0.742
Propofol (mg/h) M (P25, P75) 155.9 (32.2, 256.1) 63.6 (32.2, 324.4) 0.563
Dexmedetomidine (ug/h) M (P25, P75) 5.9 (0, 18.2) 14.2 (0, 22.0) 0.065
Sufentanil (ug/h) M (P25, P75) 13.2 (11.4, 15.6) 14.9 (11.8, 16.5) 0.211
Remifentanil (ug/h) Mean+SD 377.0 £156.7 446.6 +208.0 0.041*
Cisatracurium (mg/h) Mean+SD 82+18 8.7+2.5 0.181
Use of higher doses of vasoactive drugs (%) 12 (24.0) 17 (18.3) 0.417
Use of high-dose antihypertensive drugs (%) 3 (6.0) 4 (4.3) 0.966
Use higher doses of vasopressors (%) 9 (18.0) 14 (15.1) 0.647
Intraoperative heat preservation (%) 12 (24.0) 18 (19.35) 0.536
Intraoperative blood transfusion (%) 5 (10.0) 4 (4.3) 0.329
Duration of intraoperative SPO, < 95% (mins) M (P25, P75) 0 (0, 0) 0 (0, 0) 0.457
Ventilation strategy Capacitance Control/Voltage Control (%) 28/19 (56.0/38.0) 58/26 (62.4/28.0) 0.465
Mechanical ventilation time (mins) Mean+SD 201.1+35.7 202.8+40.2 0.808
Mean of peep (cmH,0) M (P25, P75) 29 (2,3) 2.8 (2,3) 0.950
Peak airway pressure >20 cmH,0 n (%) 0 (0) 4 (4.3) 0.335
Peak airway pressure > 15 cm H,O duration (mins) M (P25, P75) 0 (0, 15) 0 (0, 45) 0.185
Peak airway pressure > 15 cmH,0 n (%) 19 (38.0) 42 (45.2) 0.343
Peak airway pressure > 15 cmH,O continues to exceed 30 min n (%) 9 (18.0) 24 (25.8) 0.262
Peak airway pressure > 15 cmH,O continues to exceed 15 min # (%) 10 (20.0) 30 (32.3) 0.098
Tidal volume (ml/kg) M (P25, P75) 7.1 (6.3, 8.0) 6.6 (5.8, 7.0) <0.001*
ETCO, > 45 mmHg duration (mins) M (P25, P75) 0 (0, 5) 0 (0, 0) 0.221
Heart rate change >30% duration (mins) M (P25, P75) 7.5 (0, 35.0) 7.5 (0, 25.0) 0.771
Heart rate <55 beats/min duration (mins) M (P25, P75) 10.0 (0,22.5) 5.0 (0, 23.8) 0.979
Heart rate >100 beats/min duration (mins) M (P25, P75) 0 (0,5.0) 0 (0, 5.0) 0.673
SBP change >30% duration (mins) M (P25, P75) 12.5 (0, 60.0) 10.0 (1.3, 40.0) 0.787
SBP change >20% duration (mins) M (P25, P75) 60.0 (27.5, 112.5) 62.5 (31.3, 105.0) 0.951
DBP change >20% duration (mins) M (P25, P75) 65.0 (30.0, 105.0) 60.0 (26.3, 100.0) 0.956
DBP change >30% duration (mins) M (P25, P75) 12.5 (0, 36.3) 10.0 (5, 40.0) 0.549
Postoperative destination of the patient (ICU/ inpatient ward) (%) 1/49 (2.0/98.0) 1/92 (1.1/98.9)

Postoperative analgesia pump (%) 34 (68.0) 76 (81.7) 0.037*

SD, standard deviation; M, median; P25, 25% quantile; P75, 75% quantile; PEEP, positive end expiratory pressure; ETCO,, end-tidal carbon dioxide; SBP, systolic blood

pressure; DBP, diastolic blood pressure; ICU intensive care unit.
*statistically significant (P <0.05).

complications was higher in the sarcopenia group than in the
non-sarcopenia group (P=0.043). A total of three patients
were then re-admitted within 30 days after discharge (one
case in the sarcopenia group and two cases in the non-
sarcopenia group). There were no significant differences in
hospitalization cost, LOS, postoperative gastric tube extubation
time, or postoperative endotracheal tube extubation time
(Table 3).
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Risk factors of PPCs and postoperative
complications

In the univariate analysis, age, sarcopenia, preoperative
comorbidities, SPO, <95% when inhaling air under air, and
duration of intraoperative SPO, <95% were risk factors for
the PPCs. In the multivariate analysis that included these
factors, sarcopenia (odds ratio [OR] 3.79, 95% confidence
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TABLE 3 Outcomes of sarcopenia vs. non-sarcopenia groups.

Sarcopenia Non- p-
group (n =50) sarcopenia value
group (n=93)
Primary outcomes
PPCs (%) 0.024*
Grade 0 39 (78.0) 85 (91.4)
Grade 1 0 (0) 2(2.2)
Grade 2 6 (12.0) 3(3.2)
Grade 3 2 (4.0) 2(2.2)
Grade 4 3 (6.0) 1 (1.0)
Grade 5 0 (0) 0 (0)
Severe PPCs (> Grade 2) 11 (22.0) 6 (6.5) 0.009*
Secondary outcomes
Postoperative 0.043*
complications (%)
Grade 0 32 (64.0) 74 (79.6)
Grade [ 7 (14.0) 11 (11.8)
Grade IT 5 (10.0) 5(5.4)
Grade III 3 (6.0) 2 (22)
Grade IV 3 (6.0) 1 (1.0)
Grade V 0 (0) 0 (0)
Abdominal infection n 4 (8.0) 0 (0)
(%)
Postoperative tracheal 12.5 (5.8, 25.3) 10.0 (5.0, 20.0) 0.150
tube removal time
(mins) M (P25, P75)
Postoperative gastric tube 3.0 (0, 5.0) 3.0 (0, 5.0) 0.451
removal time (days) M
(P25, P75)
Length of stay (days) M 7.0 (6.0, 8.0) 7.0 (6.0, 8.0) 0.684
(P25, P75)
Number of readmissions 1 (2.0) 2(2.2)
within 30 days after
discharge n (%)
Hospital expenses (yuan)  81,548.5 (77,895.8,  79,796.0 (72,411.0, 0.069

M (P25, P75) 87,377.8) 84,615.0)

M, median; P25, 25% quantile; P75, 75% quantile; PPCs, postoperative
pulmonary complications.
*statistically significant (P<0.05).

interval [c1 1.27-11.34, P=0.017), preoperative
comorbidities (OR 2.86, 95% CI 1.01-8.15, P=0.049), and
duration of intraoperative SPO,<95% (OR 1.14, 95% CI
1.04-1.24. P=0.005) may be PPCs.
Univariate analysis also revealed that age, sarcopenia,
the of
intraoperative SPO, < 95% were risk factors for severe PPCs.

risk factors for

preoperative  comorbidities, and duration
Multivariate regression analysis showed that sarcopenia (OR
5.10, 95% CI 1.63-16.00, P=0.005) and the duration of
intraoperative SPO, <95% (OR 1.12; 95% CI 1.02-1.22, P=
0.016) were independent risk factors for severe PPCs in

patients after gastric cancer surgery (Table 4).
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Univariate analyses also found that sarcopenia was the risk
factor for postoperative complications. Multivariate regression
analysis with age using binary logistic regression showed that
sarcopenia (OR 2.19, 95% CI 1.02-4.72, P=0.045) was an
independent risk factor for postoperative complications after
gastric cancer surgery (Table 5).

Discussion

We performed a single-center cohort study to investigate
the effect of sarcopenia on PPCs in patients after gastric
cancer surgery. We found that sarcopenia was associated with
a higher incidence of postoperative complications and PPCs,
compared to non-sarcopenia, in patients undergoing gastric
cancer surgery. Multivariate regression analysis showed that
sarcopenia, preoperative comorbidities, and the duration of
intraoperative SPO, <95% were the risk factors for PPCs in
patients undergoing radical gastrectomy. Sarcopenia and
intraoperative SPO, <95% were still the risk factors for severe
PPCs. In addition, sarcopenia was an independent risk factor
for postoperative complications after gastrectomy.

Some studies have investigated the relationship between
sarcopenia and postoperative complications following gastric
cancer surgery (29-31). Patients with sarcopenia have a
higher risk of postoperative complications and longer LOS.
Zhou et al. indicated that sarcopenia is a strong independent
risk factor for postoperative complications in older patients
with gastric cancer (32). This is consistent with the results of
our studies. The mechanism of sarcopenia leading to the
increased risk of postoperative complications, especially
pulmonary complications, remains unclear, and it is
speculated that it may be related to the following possible
mechanisms. Respiratory and swallowing muscles are affected
by sarcopenia, which can lead to damage to the lungs and
swallowing function. Impaired respiratory muscle function
and swallowing function may lead to postoperative difficulty
in expectoration, aspiration, postoperative pneumonia, and
atelectasis (33, 34). Second, sarcopenia is associated with
increased insulin resistance and increased circulation of
proinflammatory cytokines, which may lead to the risk of
postoperative acute lung injury (35). It has been reported that
sarcopenia is associated with an increased inflammatory
response to surgery (36). Increased inflammatory activity may
also lead to pulmonary complications. Muscle fibers produce
cytokines and other peptides such as interleukin-6, which
affect the immune response by inhibiting the production of
tumor necrosis factor-o. and insulin resistance (37, 38).
Sarcopenia may lead to immune senescence, which is
characterized by impaired cellular immune function and
increased inflammatory activity (39).

These factors may lead to PPCs. Fortunately, preoperative

exercise through inspiratory muscle training, nutritional
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TABLE 4 Univariate and multivariate analysis of factors associated with PPCs.

PPCs

Severe PPCs

Univariate analysis

Multi-factor analysis

Univariate analysis Multi-factor analysis

OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value
Age (years) 1.08 1.02-1.15) 0.015* 1.06 (1.00-1.13) 0.047*
Sarcopenia vs. non-sarcopenia 3.00 (1.12-8.04) 0.029* 3.79 (1.27-11.34) 0.017* 4.09 (1.41-11.85) 0.009* 5.10 (1.63-16.00) 0.005*
Preoperative comorbidities 3.11 (1.16-8.35) 0.024* 2.86 (1.01-8.15) 0.049* 3.19 (1.13-8.99) 0.028*
SPO, < 95% when inhaling air ~ 5.58 (1.14-27.23) 0.034* 3.20 (0.57-17.97) 0.186
Duration of intraoperative
SPO, <95% 1.11 (1.03-1.21) 0.010* 1.14 (1.04-1.24) 0.005* 1.09 (1.00-1.18) 0.049* 1.12 (1.02-1.22) 0.016*
PPCs postoperative pulmonary complications; SPO, pulse oximetry. Values in parentheses are percentages unless otherwise stated.
*statistically significant (P<0.05).
TABLE 5 Univariate and multivariate analysis of factors associated with postoperative complications.

Univariate analysis Multi-factor analysis
OR (95% CI) p-value OR (95% CI) p-value

Age (years) 1.03 (0.99-1.08) 0.098
Sarcopenia vs. non-sarcopenia 2.19 (1.02-4.72) 0.045* 2.19 (1.02-4.72) 0.045*

Values in parentheses are percentages unless otherwise stated. *statistically significant (P <0.05).

support, and other preoperative interventions may improve
muscle function in patients with sarcopenia and effectively
reduce the incidence of PPCs (25, 40). Further prospective
studies are required to verify this finding. Sarcopenia can be
diagnosed using a questionnaire, action ability test, or L3 SMI
on CT. In the future, more attention should be paid to the
diagnosis of sarcopenia in different regions, races, and
populations, and the relationship between sarcopenia and
prognosis should be further explored.

Our study also showed that the longer the duration of SPO,
<95%, the higher the incidence of PPCs, especially the severe
PPCs. Previous studies also found that a low SPO, was
associated with increased mortality and mortality caused by
pulmonary diseases (41). The duration of intraoperative SPO,
<95% may be related to the changes in pulmonary ventilation
function caused by lung disease, mechanical ventilation lung
injury, operation, and other inflammatory stimulations, which
are currently recognized as indicators closely related to PPCs.
This study indicated that the management of intraoperative
mechanical ventilation could be further improved.

Interestingly, we found that tidal volume was larger in the
sarcopenia group (P<0.001) than in the non-sarcopenia
group. In clinical practice, the tidal volume is often set
according to the patient’s body weight and pulmonary
the
sarcopenia group had a smaller body weight but a larger tidal

function. Compared to the non-sarcopenia group,

volume. Studies have shown that mechanical ventilation itself
can induce inflammation and cooperate with surgery-induced
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responses. This magnifying inflammatory cascade reaction
leads to lung injury and systemic multiple-organ failure.
Sarcopenia negatively affects the prognosis of patients who
require mechanical ventilation, increasing all-cause mortality
in these patients (42). This may be related to nutritional
status, chronic inflammatory reaction, changes in hormone
levels, and lack of physical activity in sarcopenia. Some
studies have shown that low tidal volume can reduce
pulmonary and systemic inflammatory responses compared
with tidal (43, 44).
ventilation with a high tidal volume may cause injury in
healthy lungs (45, 46). Although the tidal volume of the two
groups in this study did not exceed 10 ml/kg, it was higher in

conventional volume Mechanical

the sarcopenia group than in the non-sarcopenia group. There
was no significant difference in the average value of PEEP
between the two groups (the average value was approximately
2.8-2.9). Some studies have shown that the use of lower levels
of PEEP may make the small airways open and close
repeatedly, resulting in atelectasis and accelerating the
(47, 48).

Multifaceted lung-protective ventilation strategies for high-risk

development of pulmonary complications
patients, combined with low tidal volume, reopening of
collapsed alveoli, and moderate levels of PEEP, can prevent
further collapse (49). This would help reduce the incidence of
postoperative atelectasis, improve clinical results, and reduce
the consumption of medical resources. Whether the existing
lung-protective ventilation strategy is the best perioperative
ventilation management mode for patients with sarcopenia,
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and how to individualize PEEP and tidal volume to reduce the
increase in PPCs caused by mechanical ventilation remain open
questions.

Given the adverse effects of sarcopenia on mortality and
hospital outcomes, sarcopenia is often considered a treatable
indicator in adult respiratory medical treatment (50). It also
shows that the prognosis of patients with sarcopenia can be
improved through clinical intervention. Previous studies have
shown that rehabilitation exercises, nutritional support, and
growth hormone supplementation can improve the muscle mass
and prognosis of patients with mechanical ventilation (51-53).
However, to date, accurate intervention for sarcopenia has been
the focus of attention in patients with oligomyopathy. These
findings suggest that doctors should pay more attention to the
ventilation

perioperative  respiratory

management, and postoperative lung rehabilitation. It is not

system, intraoperative
limited to the preoperative evaluation and intraoperative
management of anesthesiologists, but also includes early
identification and intervention by surgeons, rehabilitation
doctors, and nurses to reduce its effect on the poor prognosis of
patients with sarcopenia. Therefore, it is necessary to carry out
a unified standard diagnostic method, larger sample sizes, and
multicenter prospective studies on sarcopenia intervention.

Our study bears several limitations. First, this was a single-
center retrospective study with incomplete or, in limited cases,
absent medical records, and a small sample size. The
conclusions of this study need to be verified in additional
multicenter prospective studies, involving larger samples.
Second, the definitions of sarcopenia were different. In this
study, CT-guided L3 SMI was directly used as an index to
evaluate sarcopenia, but it was not diagnosed using a muscle
strength test. Since this was a retrospective study, we could
skeletal
Additionally, the cutoff value was not used in this study

not comprehensively evaluate muscle function.
because of disease type and other factors. The cutoff value
depends on measurement techniques, reference studies, and
population availability. Moreover, the definition of sarcopenia
is greatly influenced by race, population, sex, and other
factors.  Currently, considerable controversy  remains.
Therefore, we used the median prevalence rate of patients
with gastric cancer to divide the patients into sarcopenia and
non-sarcopenia groups. Because some patients visited the local
hospital for revisit after surgery, the relevant data for a long
time after surgery could not be accurately collected; therefore
the long-term prognosis of the patients was not analyzed in

this study.

Conclusions
Our study demonstrates that the duration of intraoperative

SPO, <95%, sarcopenia, and preoperative comorbidities were
the risk factors for PPCs, especially severe PPCs. Furthermore,
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sarcopenia was an independent risk factor for postoperative
complications. Future large randomized controlled trials and
long-term follow-ups are needed to confirm the relationship
between sarcopenia and prognosis.
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Novel end-to-side

one-layer continuous
pancreaticojejunostomy vs.
end-to-end invaginated
pancreaticojejunostomy in
pancreatoduodenectomy: A
single-center retrospective study
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Department of Hepatopancreatobiliary Surgery Il, Third Xiangya Hospital, Central South University,
Changsha, China, 2Department of General Surgery (Pancreatic Surgery), Xiangya Hospital, Central
South University, Changsha, China

Background and Objective: Postoperative pancreatic fistula (POPF) is the most
common critical complication after pancreatoduodenectomy (PD) and is the
primary reason for increased mortality and morbidity after PD. We aim to
investigate the clinical significance of a novel approach, i.e., end-to-side
one-layer continuous pancreaticojejunostomy, for patients with PD.
Methods: The clinical data of 65 patients who underwent
pancreatoduodenectomy at the Xiangya Hospital, Central South University,
from September 2020 to December 2021 were retrospectively analyzed.
Results: Forty patients underwent end-to-end invaginated
pancreaticojejunostomy, and 25 underwent the novel end-to-side one-layer
continuous  pancreaticojejunostomy. No significant differences were
observed in pancreatic fistula, intraperitoneal infection, intraperitoneal
bleeding, reoperation, postoperative hospital stay, or perioperative death
between the two groups. However, the novel end-to-side one-layer
continuous pancreaticojejunostomy group had significantly shorter operation
duration (32.6 + 5.1 min vs. 8.3 + 2.2 min, p <0.001). The incidence of pancreatic
fistula in the novel pancreaticojejunostomy group was 12%, including two cases
of grade A POPF and only one case of grade B POPF. No cases of grade
C POPF occurred. No deaths were observed during the perioperative period.
Conclusions: The novel anastomosis method leads to a shorter operation duration
than the traditional anastomosis method and does not increase postoperative
complications. In conclusion, it is a simplified and feasible method for
pancreatic anastomosis.

KEYWORDS

pancreaticoduodenectomy, pancreatic fistula, end-to-side pancreaticojejunostomy,
one-layer continuous pancreaticojejunostomy, pancreatic anastomosis
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Introduction

Pancreaticoduodenectomy (PD) is a widely performed but
challenging operation that involves multiple procedures to
resect tumors in the periampullary region (pancreatic head
and surrounding areas) (1, 2). The PD procedure has been a
challenging operation since it was first performed in 1898 (3)
and is characterized by high rates of perioperative mortality,
morbidity, and postoperative complications (4, 5). In recent
decades, efforts to optimize perioperative management,
improve surgical techniques, and centralize pancreatic surgery
care have reduced the postoperative mortality rate to less than
5%. However, the postoperative complication rate remains
high, ranging from 40% to 50% (6-9).

The most common complication of
pancreatoduodenectomy is postoperative pancreatic fistula
(POPF), which has been shown to be one of the most
intractable complications and can increase hospitalization
costs and mortality (10, 11). Studies have shown that the
occurrence of POPF is related to some important factors
(12, 13), including the texture of the pancreas, blood supply
to the tissues, the diameter of the main pancreatic duct
(MPD), the quality of pancreaticojejunostomy (PJ), and the
surgeon’s experience; PJ is an independent risk factor for
POPF (14).

It has been recognized that reconstruction after PD is
technically challenging, and pancreaticojejunostomy methods
and techniques are the main influential factors in pancreatic
fistula. However, surgeons can improve the technical
proficiency of pancreaticojejunostomy reconstruction by
choosing a suitable anastomotic method and improving the
quality of anastomosis (15). Therefore, a potential method of
promoting surgeon proficiency in pancreatic anastomosis is to
design a simplified and safe technique for this challenging
reconstruction.

Biological healing is a novel concept of PJ that has been
proposed by numerous surgeons in recent years (16-19).
This novel theory emphasizes factors such as the blood
supply of the tissues, the tension of the anastomotic stoma,
healing of the pancreatic stump, and recovery of digestive
function. “Wide, loose, and sparse” anastomosis has been
recommended as a novel goal for PJ. Based on scholars
Bassi and Miao’s method (20, 21). With this novel theory of
“biological healing,” we developed a novel and innovative
anastomotic method: end-to-side one-layer continuous
pancreaticojejunostomy. Twenty-five patients have been
treated with this novel method since 2020. As such, we
conducted this single-center retrospective study to compare
the clinical values and outcomes of PD patients undergoing
end-to-end invaginated pancreaticojejunostomy with those
undergoing the novel end-to-side one-layer continuous
pancreaticojejunostomy.
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Materials and methods
Patients and data

In this single-center retrospective trial, 65 patients with
pathologically confirmed lesions in the pancreatic head and
surrounding areas who underwent PD by either end-to-end
invaginated pancreaticojejunostomy (Group A) or end-to-side
one-layer continuous pancreaticojejunostomy (Group B) from
September 2020 to December 2021 at the Department of
General Surgery, Xiangya Hospital, Central South University,
were enrolled.

The inclusion criteria were as follows: (1) adult patients
(age from 18 to 80vyears); (2) planned for selective
pancreaticoduodenectomy; (3) no distant metastasis (including
pelvic cavity, peritoneum, liver, lung, brain, bone, etc.)
determined by ultrasound or CT; (4) not receiving radiotherapy
and chemotherapy before surgery; (5) no history of other
malignant tumors or associated with other organ dysfunction.

The exclusion criteria were as follows: (1) MPD could not be
identified intraoperatively; (2) change to other surgical
procedures, such as total pancreatectomy or segmental
resection; (3) external drainage was added or occlusion of the
MPD occurred for any reason; (4) resection combined with
other organs; (5) pancreaticoduodenectomy combined with
vascular resection and laparoscopic resection patients.

Clinical ~ data, including  baseline  demographic
characteristics, operation duration, and complications
(including  pancreatic ~ fistula, intraperitoneal infection,

intraperitoneal bleeding, reoperation, postoperative hospital
stay, and perioperative death) were collected (Tables 1, 2).

All operations were performed by the same highly
experienced and qualified surgeon (more than 35 years of

TABLE 1 The general information of two groups.

Variables End-to-end End-to-side p-
sleeve one-layer value
anastomosis continuous
(n=40) anastomosis
(n=25)
Gender 0.601
Male 24 15
Female 16 10
Age (years) 523+11.4 55.1+10.9 0.947
Primary disease 1.000
Pancreatic head 13 8
carcinoma
Ampullary 16 10
carcinoma
Chronic 2 1
pancreatitis
Other 9 6
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TABLE 2 Postoperative complications in two groups.

Variables End-to-end End-to-side p-
sleeve one-layer value
anastomosis continuous
(n=40) anastomosis
(n=25)
Pancreaticojejunostomy 32.6 £5.1 min 8.3 £2.2 min <0.001
duration
Pancreatic fistula 6 (15%) 3 (12%) 1.000
Grade A 3 (7.5%) 2 (8%)
Grade B 2 (5%) 1 (4%)
Grade C 1 (2.5%) 0 (0%)
Intraperitoneal infection 1 (2.5%) 0 (0%) 1.000
Intraperitoneal bleeding 1 (2.5%) 0 (0%) 1.000
Reoperation 1 (2.5%) 0 (0%) 1.000
Postoperative hospital 15.6+6.1 14.8+4.9 0.873
stay (days)
Perioperative death 1 (2.5%) 0 (0%) 1.000
clinical experience in pancreaticoduodenectomy) in the

Department of General Surgery, Xiangya Hospital, Central
South University. All work was reviewed and approved by the
Ethics Committee of the Medical Council of Xiangya
Hospital, Central South University. All patients or their legal
representatives signed informed consent forms prior to
surgery. According to Chinese law, this work was considered
a quality-assured activity.

Surgical procedure

All patients underwent pancreaticoduodenal resection. In
accordance with the principle of radical cancer cure, we
performed an operation to remove the entire tumor; clear the
lymph node; skeletonize the hepatoduodenal ligament, the portal
and the
retroperitoneal tissue. The end-to-end pancreaticojejunostomy

vein, superior mesenteric artery; and remove

sleeve anastomosis used conventional child anastomosis. The
method for the
pancreaticojejunostomy was as follows. The surgeon made an

novel end-to-side one-layer continuous
all-layer continuous inverting suture between the pancreatic
margin and the jejunum from the rear edge of the pancreas.
Starting with a 2-0 Prolene slip line, the spacing was
approximately 8-10 mm, and the margin was greater than
10 mm. Then, a support tube was built into the main pancreatic
duct. When the rear wall was sutured, we placed the support
tube into the jejunum. If the main pancreatic duct is greater
than 4 mm in diameter, 2-3 stitches were sewed in the rear wall
of the pancreatic duct and the posterior tissue together with the
entire layer of jejunum. The front edge was turned from the rear
edge, and the front edge of the pancreas and the other side of

the jejunum were sewed with whole-layer suturing. The line was
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followed and knotted with the first and then
pancreaticojejunostomy was completed. The critical points of our

line,

anastomotic technique included proper tension in the suture: not
pulling too tightly in order to avoid pancreatic laceration,
covering the entire pancreatic stump with the jejunal wall, not
leaving dead space in between, and ensuring good contraposition
of the opening of the jejunal wall (Figure 1).

Postoperative management

All patients received routine medicine administration to
prevent infection, suppress gastric acid, inhibit pancreatic
secretion, protect liver function, support nutrition, and receive
treatment for complications. Prophylactic octreotide was
pumped continuously to all patients for 72 h after surgery.
The amylase level of the drainage fluid was measured on
postoperative days 1, 3, and 5 per the routine protocol and
thereafter according to the surgeon’s need.

Postoperative complications

Postoperative complications of PD mainly include
pancreatic fistula, postoperative intraperitoneal hemorrhage,
anastomotic bleeding, biliary fistula, intestinal fistula, gastric
emptying dysfunction, intraperitoneal infection, and so on.
The diagnosis of pancreatic fistula standard adopts the
International Team of Pancreatic Fistula (International Study
Group of Pancreatic Fistula, ISGPF) definition of pancreatic
fistula from 2005 (22): 3 days or more after surgery, amylase
of drainage fluid from the drainage tube of surgical placement
(or of subsequent percutaneous placement) is three times
higher than the normal serum amylase limit. Patients with
pancreatic fistula were divided into levels A, B, and C

according to the clinical effect (Supplementary Table S1).

Statistical analysis

The characteristics of the patients were summarized with
frequencies and percentages (for categorical variables) or
mean values + standard deviations. SPSS 27.0 software (IBM
Corporation, New York, United States) was used for data
analysis. The measurement data were tested using the f-test,
and the categorical data were tested by x> test. p<0.05
indicated a significant difference.

Results

Sixty-five patients who underwent PD were included from
September 2020 to December 2021: 40 patients underwent
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FIGURE 1

Intraoperative photographs of the novel end-to-side one-layer continuous pancreaticojejunostomy. (A) Perform all-layer continuous inverting suture
between pancreatic margin and jejunal from the rear edge of the pancreas start with a 2-0 Prolene slip line. (B) Sew 2-3 stitches in the rear wall of the
pancreatic duct and the posterior tissue together with the whole layer of the jejunum. (C) The suture of the rear wall is completed. (D) Build a support
tube into the main pancreatic duct. (E) Put the support tube into the jejunum. (F) Turn to the front edge from the rear edge and sew the front edge of
the pancreas and the other side of the jejunum with whole-layer suturing. (G) Take up the line. (H) Knot and complete pancreaticojejunostomy.

and 25
continuous

end-to-end invaginated pancreaticojejunostomy,
the

pancreaticojejunostomy approach. There were no significant

underwent novel end-to-side one-layer
differences in age, sex, and primary disease of the patients
between groups (p >0.05). The baseline characteristics were
also similar between groups (Table 1).

No significant difference was observed in the rates of
pancreatic fistula, intraperitoneal infection, intraperitoneal
postoperative  hospital
perioperative death. However, the pancreaticojejunostomy
significantly shorter (8.3+2.2 vs. 32.6%
5.1 min) in the novel end-to-side one-layer continuous
than the
invaginated pancreaticojejunostomy group (p<0.001). The
of fistula the

pancreaticojejunostomy was 12%, including two cases of grade

bleeding, reoperation, stay, and

duration was

pancreaticojejunostomy  group in end-to-end

incidence pancreatic in novel
A pancreatic fistula, one case of grade B pancreatic fistula,
and no cases of grade C pancreatic fistula. No deaths occurred

during the perioperative period (Table 2).

Discussion

POPF is one of the most common and severe postoperative
complications, and it can lead to a prolonged postoperative

recovery time, intraperitoneal infection, intraperitoneal
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bleeding, and other complications. The onset of POPF can
increase the mean length of hospital stay and medical costs,
resulting in poor quality of life or even death (23, 24), which
has been a main clinical challenge for pancreatic surgeons.
Therefore, the healing of pancreatic-enteric anastomosis
becomes very important for the prevention of pancreatic fistula.

Anastomosis between digestive organs, although under
unique influences, such as digestive juice, motility, and
tension, has a basic wound healing process, which can be
divided into three periods (25): the inflammatory phase,
proliferative phase, and remodeling phase. The inflammation
phase usually occurs 0-7 days after surgery and presents
mainly as local aggregation and infiltration of inflammatory
cells. The proliferative neovascular response also performed
relatively actively in this period. This period is prone to be
accompanied by anastomotic leakage due to necrosis,
bleeding, loss, and incomplete repair of the anastomotic
tissue. The proliferative phase is generally 7-14 days after
surgery. In this phase, inflammatory cells engulf necrotic
with leakage,
proliferation of granulation tissue, an increasing number of

tissue significantly  reduced an obvious
fibroblasts, and large amounts of collagen fibers produced to
repair wounds. In the remodeling phase, which occurs
between 3 weeks and approximately 2 months after surgery,
there is a further increase and gradually ordered collagen

fibers that firm wound healing.
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Pancreatic anastomotic healing has its specialty. First, the
pancreas is a solid organ with slight toughness and can easily
be torn when sutured. Second, anastomosis between the
jejunum and pancreas, i.e., healing between different tissues, is
influenced by pancreatic juice, bile, intestinal juice, and other
types of digestive juice, which can be accompanied by severe
necrosis and inflammatory exudation, long organization time,
and slow epithelial regeneration. Therefore, anastomosis
between the jejunum and pancreas has a markedly longer
healing time than intestinal anastomosis, especially when the
pancreas is soft with a small duct, which is a known risk
factor for POPFE.

Most clinicians believe that the novel anastomosis technique
for pancreaticojejunostomy decreases the incidence of POPF in
PD (26, 27). Therefore, surgeons have been concerned about
exploring novel pancreaticojejunostomy techniques.

March 2020,
pancreaticojejunostomy method—pancreas—intestinal end-to-

Since we have performed a novel
side one-layer continuous anastomosis—based on research
related to full mouth whole-layer interrupted anastomosis that
was conducted by Bassi, Miao ,and other scholars (20, 21).
Twenty-five this

pancreaticojejunostomy approach and achieved good results.

patients underwent novel
No significant differences were observed in pancreatic fistula,
intraperitoneal infection, intraperitoneal bleeding, reoperation,
hospital death

novel continuous

postoperative
the
pancreaticojejunostomy group and the end-to-end invaginated

stay, and perioperative

between end-to-side  one-layer
pancreaticojejunostomy group.

Relevant studies have reported that the prevalence of POPF
ranges from 10% to 40%, and a fistula rate of approximately
30% is generally accepted (28, 29). In our study, the incidence
of PF in the novel pancreaticojejunostomy group was 12%,
including two cases of grade A POPF, one case of grade
B POPF, and no cases of grade C POPE. All patients with
pancreatic fistula recovered after conservative treatment. There
were no perioperative deaths.

Traditional pancreaticojejunostomy often attempts to reduce
the occurrence of pancreatic fistula by using secure or even more
stitched layers that are mechanically connected to the
anastomosis. However, this anastomosis inhibits the natural
biological healing process of pancreaticojejunostomy, so the
of fistula
pancreaticojejunostomy does not decrease along with the

incidence postoperative  pancreatic after
various changes in the anastomosis method. Our understanding
is that the goal of pancreaticojejunostomy is to establish
pancreaticojejunostomy continuity between the pancreas and
the jejunum by inducing biological healing (30). Stitching itself
provides only the necessary conditions for the spatial proximity
of a biological connection and the subsequent healing of
organizations. A consistent and good approach should meet the
following conditions: (1) anastomotic tissue has good blood

supply; (2) margin involution is good; (3) damage to tissue
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cutting is minimal; and (4) it is simple and easy to operate.
Thus, pancreaticojejunostomy could provide good conditions

for healing.

The  novel end-to-side one-layer  continuous
pancreaticojejunostomy  group had significantly shorter
pancreaticojejunostomy  duration than the end-to-end

invaginated pancreaticojejunostomy group. The novel method
can be done within 6-10 min by experienced surgeons. In
this
pancreaticojejunostomy is simpler and less time-consuming
than the traditional method.

In clinical practice, we recognize that the end-to-side one-

summary, novel end-to-side one-layer continuous

layer continuous pancreaticojejunostomy technique is superior
with respect to simplicity and reliability. (1) Using Prolene
slip lines (nonbiodegradable sutures that can maintain
permanent tensile strength after being implanted into the
tissue, extend with the creeping of the organization, and do
not split due to fatigue) to suture a single layer continuously
with an exact degree of sparse guarantees anastomosis and a
better blood supply. This is a superior approach to try to do a
tight suture with the line. (2) An appropriate degree of take-
up and knotting, rather than cutting pancreatic tissue, can
make the anastomosis margin moderately closer and keep the
jejunum mucosa and pancreas margin neatly fit in the space,
providing a good anatomic and physiological environment for
healing. (3) Single-layer continuous sutures, rather than
interrupted sutures, prevent tissue fragmentation due to
repeated knotting (especially those with a soft pancreatic
texture). The more complex the suture is, the more likely it is
to affect the blood supply of the anastomosis, prolonging the
phase of anastomotic inflammation and fiber decomposition
fistula.
continuous sutures shorten the phase of inflammation and

and consequently leading to pancreatic Single
fiber decomposition to make pancreaticojejunostomy heal
faster with less scarring and reduced incidence of pancreatic
fistula. (4) Single continuous sutures make the tension
between the suture and anastomosis organizations distribute
uniformly and softly so that the overall anti-tensile strength of
anastomosis is high. (5) The intraductal support tube drains
pancreatic secretin into the jejunum instead of accumulating
in the anastomosis.

Our study has some limitations. First, as mentioned above,
our sample size was relatively small. Second, this was a
this
pancreaticojejunostomy has been modified and is performed

single-center, retrospective study because novel

in our hospital currently. Therefore, multicenter randomized
trials are needed for further research.

Conclusions

In conclusion, we found that the novel end-to-side one-
layer continuous pancreaticojejunostomy did not increase the
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rate of postoperative complications after PD. However, the
novel end-to-side one-layer continuous pancreaticojejunostomy
showed advantages such as shorter pancreaticojejunostomy
duration and a potentially reduced prevalence of pancreatic
fistula. The findings need to be further validated with
additional observational studies and animal experiments with
large sample sizes. This novel method is feasible in both theory
and practice. It is worthy of promotion and may bring
significant clinical advantages to PD patients.
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Clinical outcomes of proximal
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reconstruction and total
gastrectomy for proximal gastric
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Jingxiao Fu, Yi Li, Xuechao Liu, Xuelong Jiao, Yuhao Wang,
Hongyu Qu and Zhaojian Niu®

Department of Gastrointestinal Surgery, Affiliated Hospital of Qingdao University, QingDao, China

Background: Proximal gastrectomy with gastric tubular reconstruction is a
surgical procedure that can preserve function in patients with proximal
gastric cancer. However, whether gastric tubular reconstruction with
proximal gastrectomy has certain advantage in some aspects over total
gastrectomy is controversial. To evaluate the benefit of gastric tubular
reconstruction after proximal gastrectomy, we compared gastric tubular
reconstruction with total gastrectomy for proximal gastric cancer.

Method: A total of 351 patients were enrolled. Concurrent total gastrectomy
patients matched with the Proximal gastrectomy group in age, sex, body
mass index, clinical stage, and ASA score were selected by propensity score
matching.  Preoperative  basic information, perioperative indicators,
histopathological features, postoperative complications and nutritional status,
reflux were compared between the two groups.

Results: There was no significant difference in the incidence of reflux between
two groups (14.8% and 6.5% respectively, P=0.085). There were significant
differences between the two groups in bowel function recovery (2.29 + 1.16
vs. 3.01+1.22; P=0.039) and start of soft diet (4.06+1.81 vs. 4.76 + 1.69;
P =0.047). There were no significant differences between the two groups in
nutritional status one year after surgery. However, the decrease in serum
hemoglobin in the TG group at 3 and 6 months after surgery was
significantly higher than that in the PG group (P=0.032 and 0.046,
respectively). One month after surgery, %BW loss in TG group was
significantly lower than that in the PG group (P =0.024).

Conclusion: The Proximal gastrectomy group has better clinical outcome and
gastric tubular reconstruction is simple, similar complications and reflux rates,
gastric tubular reconstruction may be more suitable for proximal gastric
cancer.

KEYWORDS

proximal gastrectomy, gastric tubular reconstruction, reflux esophagitis, nutritional
status, hemoglobin
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Introduction

The incidence of proximal gastric cancer is increasing
worldwide (1-3). Proximal gastric cancer can occur in the
upper 1/3 of the stomach or in the middle part of stomach; it
constitutes more than 30% of gastric cancer cases. According
to the Japan Gastric Cancer Association, the incidence of
proximal gastric cancer increased by 0.8% from 2002 to 2011
(4). According to the 5th edition of the Japanese Guidelines
for the Treatment of Gastric Cancer, total gastrectomy is the
standard surgical treatment for upper 1/3 gastric cancer or
AEG (5). The advantage of this surgical approach lies in the
thorough dissection of lymph nodes that may metastasize and
the
However, after total gastrectomy, patients will inevitably have

avoidance of esophagogastric reflux complications.
nutritional metabolic disorders, especially patients with early
proximal gastric cancer, which are more prominent (6-8).
After total gastrectomy, the storage, mechanical grinding,
secretion and other functions of the stomach are permanently
lost, resulting in postoperative malnutrition, including
decreased postoperative body mass, anemia, diarrhea, and
dumping syndrome (8, 9).

Proximal gastrectomy of antireflux anatomical structures at
the esophagogastric junction, including the cardia and His
Angle, with simultaneous separation of the vagus nerve,
resulted in an increased incidence of pyloric spasm and
obstruction of residual stomach emptying (10). Some patients
developed reflux esophagitis after surgery, which seriously
affected the quality of life. Studies have shown that the
incidence of postoperative reflux esophagitis is approximately
50%

proximal gastrectomy (11,

when traditional esophagogastrostomy is used in
12). To prevent RE, several
reconstructive procedures after PG have been reported, such
as double-flap (13), double-tract (14,

interposition (16). However, these techniques are complicated,

15), and jejunal

time-consuming and sometimes unsatisfactory.

Esophagogastrostomy was described by Shiraishi et al. in
1998 for the treatment of early proximal gastric cancer (17).
This method excises part of the gastric antrum, reduces
gastrin and gastric acid secretion, and objectively reduces
reflux substances. After anastomosis, the tube stomach can
make food pass through quickly and avoid food retention.
The top of the residual stomach is similar to the fundus of
the stomach, which can buffer the upward reflux of gastric
juice and temporarily store the reflux of gastric juice.
Therefore, the operation method has a good antireflux effect.
Some research results show that compared with traditional
residual gastroesophageal anastomosis, esophageal gastric tube
anastomosis has a better quality of life for patients (18).

The purpose of this study was to determine whether gastric
tubular reconstruction is a viable option after PG in terms of

postoperative reflux and some nutritional indicators. We
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conducted a retrospective matched cohort study comparing
the effects
gastrectomy on patients with proximal gastric cancer.

of gastric tubular reconstruction and total

Methods

All
consecutively

cancer

the
Gastrointestinal Surgery Department of Qingdao University
Affiliated Hospital from January 2017 to February 2021.
Upper third gastric cancer is defined as adenocarcinoma of
the upper third of the
esophagogastric junction adenocarcinoma, according to the

patients with upper one-third gastric

received  surgical  treatment in

stomach, with or without
Classification of the Japan Gastric Cancer Association (JGCA)
(19). The location of the primary carcinoma was determined
by esophagogastroscopy. Inclusion criteria were that all
patients had tumors located in the upper third of the
(CT1INO-1M0/CT2-3NOMO), RO

resection, and age 20-80. Exclusion criteria were neoadjuvant

stomach, clinical stage
therapy, any malformation or ulcerative scarring of the distal
stomach or duodenum, severe heart, lung, liver, kidney
disease or mental abnormalities, and double primary carcinoma.

Patients were divided into two groups based on whether they
underwent total or proximal gastrectomy. All patients underwent
RO resection. Patients underwent propensity score matching
analysis, which adjusted for five factors, namely, age, sex, body
mass index (BMI), pathological stage, and American Society of
Anesthesiologists (ASA) body condition score, to offset selection
bias. The matched whole stomach group was compared with the
proximal stomach group based on demographic, clinical, surgical,
and pathological features, postoperative outcomes (including
early and late complications), postoperative nutritional status,
and reflux esophagitis and reflux symptoms at endoscopic
examination 1 year after surgery.

Preoperative tumor staging was assessed by computed
tomography and gastroscopy. T stage and N stage were
determined using the latest AJCC/UICC TNM staging system
(20), and histological types were consistent with the Japanese
classification of gastric cancer (19).

Surgical procedure for PG with gastric
tubular reconstruction and TG

All surgeries were performed by three upper gastrointestinal
specialists using the same procedure (Figures 1, 2).

Five ports were introduced, as shown in Figure 1A. Before
reconstruction, lymph node dissection was completed according
to the Japanese guidelines (5). Open the diaphragm angle, and
bare the lower end of the esophagus by 2-3 cm. The
esophagus was transected about the cardia with an endo GIA
stapler. A 5 cm incision was made in the middle of the upper
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https://doi.org/10.3389/fsurg.2022.1052643
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

Fu et al. 10.3389/fsurg.2022.1052643
A
m
c .
posterior
esophagus
Anterior
stomach
FIGURE 1

Surgical procedure. (A) Trocar sites. (B) After the esophagus was transected, the upper part of the stomach was excised along a dashed line to create a
gastric tube. Its width is about 4 cm. (C) The anterior wall of the gastric tube and the posterior wall of the esophagus were anastomosed with linear
stapler. (D) After anastomosis was performed, the entry hole was closed with barbed suture. The gastric tube was anchored with the right and left
crus of the diaphragm by one stitch each to prevent hiatus hernia. The length of the whole gastric tube on the greater curvature side is about 20 cm.

abdomen, and the stomach was extruded through it. The
stomach was marked with a dotted line using a sterile
marker and ruler. Approximately 5 cm below the tumor, the
upper part of the stomach was excised along a dashed line to
make a gastric tube (Figure 1B). The pneumoperitoneum
was re-established. An entry hole was made on the posterior
side of the esophagus stump and on the anterior wall of the
gastric tube 40 mm distal
the
between the anterior wall of the gastric tube and the

from the proximal stump

laparoscopically. Then, linear stapler was applied
posterior wall of the esophagus laparoscopically (Figure 1C).
After anastomosis was performed, the entrance hole was
enclosed with stitches. The gastric tube was anchored with
the right and left crus of the diaphragm by one stitch each
to prevent hiatus hernia (Figure 1D). The vagus nerve was

not preserved.
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The length of the gastric tube is generally approximately
20 cm and the width is approximately 4 cm, which indicates:
(1) The size of the residual stomach was correlated with
gastric emptying; the larger the stomach, the worse the
emptying; (2) Residual gastric emptying is related to gravity,
intragastric pressure and residual gastric compliance; (3) The
smaller the gastric tube, the worse its compliance is and the
less likely it is to have reflux. The gastric tube after
anastomosis with the esophagus is shown in (Figure 2A).

Reconstruction technique of esophagojejunostomy, the
jejunum was transected at a distance of 20 cm from the Treus
ligament, and a tube stapler was placed at a distance of 50 cm
from the distal end by purse-string suture. The jejunum was
anastomosed laterally through the proximal jejunum, and the
stump was closed by GIA stapler, and the absorbable suture
was embedded. The pneumoperitoneum was re-established,
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FIGURE 2

reconstruction.

Schema of reconstruction after (A) proximal gastrectomy with tube gastric and (B) total gastrectomy with roux-en-Y esophagojejunostomy

and the esophagus and the distal jejunum were punctured. The
lateral jejunum anastomosis of the posterior esophageal wall was
completed by GIA stapler, and the common opening was closed
by continuous suture of the barb line. Esophagojejunostomy
(Roux-en-Y) was performed after total gastrectomy (Figure 2B).

Data collection and evaluation of
outcomes

Patients are enrolled in this study, three data management
staff members will be assigned to collect relevant data. The
basic characteristics of patients collected before surgery were
age, sex, body mass index, ASA score, hematologic indices,
serum tumor markers, FEV1 and Her2 expression. The
clinicopathological features were TNM stage, tumor size and
location, Lauren classification, and tumor cell differentiation.
The operation was characterized by operative time, estimated
blood loss, pathological proximal and distal margins, and
number of lymph nodes removed. Postoperative outcomes
were mean maximum body temperature during the first 3
days, analgesic use 1-5 days after surgery, days of bowel
function recovery, time to start soft diet, postoperative
hospital stay, and early complications (within 30 days after
surgery). Patients were evaluated 1, 3, 6 and 12 months after
operation, and their characteristics and results were obtained
by viewing electronic medical records and picture archiving
and communication systems. Postoperative morbidity was
described based on the Clavien-Dindo classification of JOCG
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criteria for postoperative complications and according to the
General Terminology criteria for Adverse Events (CTCAE 5.0)
(21-23). Clinical features and nutritional status 1 year after
operation were evaluated by PG-SGA (24).

Follow-up results 1 year postoperatively were based on
the Visick classification (Grade i: asymptomatic; Grade ii:
mild Grade mild
symptoms that are easily controlled by medication; Grade

symptoms without medication; iii:
iili: severe symptoms, the duration or surgery) assessment
of reflux symptoms and endoscopic findings were scored in
terms of the Los Angeles Classification of reflux esophagitis
(25). The Visick score and endoscopy results were obtained
in the clinic. All endoscopy results were graded by the
same surgeon according to the Los Angeles Classification
System.

Nutritional parameters after gastrectomy were assessed on
the
hemoglobin, prognostic nutritional index (PNI) and the
percentage of BW loss (%BW loss) at 1, 3, 6, and 12 months
after surgery (26). The percentage of BW loss (%BW loss)
was calculated as follows: %BW loss=(BW at 1/3/6/12

months after surgery—preoperative BW)/(preoperative BW x

basis of changes in serum prealbumin, albumin,

100). PNI was calculated using the following formula: 10 x
serum albumin value (g/dl) +0.005 x lymphocyte count in
peripheral blood (27). On the CT images, the cross-sectional
area of the psoas muscle was measured at the level of the
third lumbar vertebra (L3). Psoas muscle index (PMI) = (Area
of the psoas muscle at L3 [cm]2)/(height[m]2). %PMI loss
was all defined in the same way as %BW loss (28, 29).
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Statistical analysis

Propensity score matching was based on gender, age, body
mass index, clinical stage, and ASA score. Continuous
variables of normal distribution were expressed by (X+S),
and comparison between two groups was compared by T test.
distributed
represented by median (range), and comparisons between the

Non-normally continuous  variables ~ were
two pairs were performed using Wilcoxon signed rank test.
The categorical variables were expressed in terms of number
of cases and percentage, and comparisons between the two
groups were performed by Chi-square test or Fisher precise
test. All analyses were performed using SPSS 26.0. (P <0.05)

was considered statistically significant.

Ethics statement

The data for this study were collected in the course of
general clinical practice, so informed consent signed by each
patient was obtained for any surgical and clinical procedure.
This protocol is in line with the ethical guidelines of the
World Medical Association Declaration of Helsinki adopted
by the 18th World Medical Association Congress held in
Helsinki, Finland in June 1964. Institutional Review board
approval is not required. Since this study was retrospective,
patients’ consent was not required for inclusion in the study.

Results
Patient characteristics

A total of 1,631 gastric cancer patients underwent surgery
(Figure 1). Of those, 1,178 were excluded because the tumor
was in the middle or lower part of the stomach. Of the
remaining 453 patients, patients with advanced cancer (n=
51), neoadjuvant chemotherapy (n=48) and dual primary
cancer (n=3). 59 patients received proximal gastrectomy and
292 patients received total gastrectomy. After 1:2 matching
between the PG group and TG group, there were 54 patients
in the PG group and 108 patients in the TG group (Figure 3
and Table 1).

The basic clinical characteristics of patients in the two
groups were shown in Table 1. In the whole cohort, the
number of patients who underwent ESD before surgery in the
PG group was significantly greater than that in the TG group
(P=0.011), and there was no significant difference in
preoperative hematological nutritional indicators, tumor
markers or complications. The matched baseline features are

well balanced.
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Perioperative clinical outcomes

In the entire cohort, the two groups were on a liquid diet
(4.11+1.77 in PG vs. 491+1.89; P=0.032) and showed
bowel function recovery (2.77 +1.25 in PG vs. 3.44 £ 1.62 in
TG; P=0.024). The blood loss and operation time in the PG
group were lower than those in TG group, but there were no
significant differences (P> 0.05). There was no statistically
significant difference in medical cost or 30-day readmission
between the two groups (P>0.05). After propensity score
matching, the start of a soft diet after the operation in the PG
group was 0.7 days sooner than in the TG group (4.06 + 1.81
vs. 4.76 £1.69; P=0.047), and the recovery time of bowel
function in the PG group was 0.72 days shorter than in the
TG group (229+1.16 vs. 3.01+£1.22; P=0.039). In the
matched cohort, there were no statistically significant
differences in the length of postoperative hospital stay, the
average maximum body temperature in the first three days
after surgery, and the number of patients using analgesics 1-5
days after surgery (P> 0.05) (Table 2).

Histopathologic characteristic

Tumor size (2.9+2.6 vs. 9.4+4.2), proximal resection
margin (2.5+ 1.4 vs. 4.7 £3.8), distal resection margin (3.1 +
1.9 vs. 12+£6.1) and number of dissected lymph nodes
(18.31 +£9.49 vs. 31.46+15.61) were measured in the two
groups, and the number of positive lymph nodes (2.1 £ 1.7 vs.
7.32+3.17), pINM stage and histological type
significantly different (P<0.001). Notably, the TG group
accounted for 822% of the histological type of poorly

were

differentiated adenocarcinoma. There were no significant
differences in tumor location or Lauren classification between
the two groups (P>0.05). After propensity matching, there
was no significant difference in pTNM staging between the
two groups (P>0.05), and tumors in the PG group were
significantly smaller than those in the TG group (2.3 +1.2 vs.
3.6 £2.1; P=0.027). The proximal margin was smaller (2.1 +
1.7 vs. 41+3.6; P=0.013), lymph nodes were removed
(19.73£10.03 vs. 24.75+12.84; P=0.023) and fewer were
positive (1.9 +1.6 vs. 3.7 +4.1; P=0.041), and all differences
were statistically significant (all P <0.05) (Table 3).

Operative complications and adverse
events

Across the cohort, the severity of complications was
and CTCAE version 5.0
classification. The number of early complications

classified by Clavien-Dindo
(ie.,
complications occurring in the first 30 days after surgery) in
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FIGURE 3

Flow chart of patient selection and propensity score matching. The 54 patients who underwent proximal gastrectomy (PG) were matched to 108
patients who underwent total gastrectomy (TG) in terms of age, sex, body mass index, clinical stage, and American Society of Anesthesiologists
(ASA) score.

both groups (PG group 12 vs. TG group 64; P=0.788) and TG group (P=0.076), and severe complications (grade iii or

hematological adverse events (36 in PG group vs. 188 in TG above) occurred in 3 patients in the PG group and 13 patients
group; P=0.624) were evaluated. Postoperative reflux in the TG group. Among the hematological serious adverse
occurred in 6 patients in the PG group and 13 patients in the events, there were 2 cases in the PG group and 11 cases in
Frontiers in Surgery frontiersin.org
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TABLE 1 Patient characteristics.

10.3389/fsurg

.2022.1052643

Factor Entire cohort P Matched cohort P
PG (n=59) TG (n=292) PG (n=54) TG (n=108)

Age, year, median (range) 63 (34-79) 64 (29-78) 0.524 65 (41-74) 64 (39-73) 0.879
Sex 0.096 0.303

Male, n (%) 42 (71.2) 236 (80.8) 38 (70.4) 84 (77.8)

Female, n (%) 17 (28.8) 56 (19.2) 16 (29.6) 24 (22.2)
BMI, Kg/m2 +SD 2517 +£3.24 24.35+3.73 0.117 2527 +3.08 2491 +3.38 0.512
ASA physical status 0.322 0.480

0-1, 1 (%) 21 (35.6) 85 (29.1) 20 (37.0) 34 (31.5)

>2, 1 (%) 38 (64.4) 207 (70.9) 34 (63.0) 74 (68.5)
Preoperative Hb, g/L + SD 134.09 + 14.93 131.01 £15.81 0.169 135.17 +£15.14 132.46 £15.36 0.289
Preoperative albumin, g/L + SD 43.01+2.11 42.23+2.43 0.022 42.57 +2.59 41.82+2.85 0.106
Psoas muscle index, cm?/m? + SD 169.48 + 33.09 168.49 +35.21 0.842 168.78 +32.13 167.52 £33.17 0.818
Lymphocyte count, 10°/L + SD 1.43 +0.39 1.46 +0.41 0.606 1.41 +0.45 1.44 +0.49 0.706
Preoperative pre-albumin, g/L + SD 242.49 + 36.02 234.41 + 40.63 0.157 244.37 £ 35.13 237.09 +39.02 0.249
Preoperative creatinine, umol/L + SD 61.03 £14.91 63.01 +15.17 0.360 62.98 £ 15.09 63.57 +13.31 0.800
Previous treatment with ESD, n (%) 8 (13.6) 14 (4.8) 0.011 8 (14.8) 14 (12.9) 0.746
NRS 2002 Score 0.406 0.652

<3, n (%) 36 (61.0) 161 (55.1) 33 (61.1) 62 (57.4)

>3, n (%) 23 (39.0) 131 (44.9) 21 (38.9) 46 (42.6)
CCI score 0.712 0.737

0-2, 1 (%) 27 (45.8) 126 (43.2) 25 (46.3) 47 (43.5)

>3, n (%) 32 (54.2) 166 (56.8) 29 (53.7) 61 (56.5)
Her2 0.391 0.554

0, n (%) 43 (72.9) 208 (71.2) 40 (74.1) 78 (72.2)

+, 1 (%) 10 (16.9) 58 (19.9) 9 (16.7) 20 (18.5)

++, 1 (%) 1(1.7) 14 (4.8) 1(1.8) 6 (5.6)

+++, n (%) 5 (8.5) 12 (4.1) 4 (7.4) 4 (3.7)
AFP, ng/ml median (IQR) 3.02 (2.28) 2.88 (1.94) 0.449 2.78 (2.21) 2.91 (1.95) 0.473
CEA, ng/ml median (IQR) 2.51 (2.74) 2.76 (3.08) 0.323 2.47 (2.63) 2.67 (2.99) 0.178
CA-199, U/ml median (IQR) 9.51 (9.68) 10.56 (15.11) 0.114 9.58 (9.81) 11.12 (15.02) 0.137
CA-125, U/ml median (IQR) 10.32 (6.40) 9.78 (6.33) 0.108 9.81 (6.63) 9.94 (7.12) 0.998
CA-724, U/ml median (IQR) 1.65 (2.36) 2.32 (3.70) 0.142 1.67 (2.42) 2.09 (3.10) 0.221
CA-242, U/ml median (IQR) 5.07 (4.09) 5.44 (7.89) 0.062 5.13 (4.70) 559 (8.39) 0.098
History of smoking, n (%) 31 (55.9) 174 (59.6) 0.317 29 (53.7) 66 (61.1) 0.367
FEV1.0, % + SD 78.1+10.3 77.3+9.8 0.417 78.3+10.6 77.6 12 0.536
Number of comorbidities 0.640 0.884

0, n (%) 24 (40.7) 101 (34.6) 22 (40.7) 39 (36.1)

1, n (%) 27 (45.8) 157 (53.8) 25 (46.3) 56 (51.9)

2, 1 (%) 6 (10.2) 23 (7.9) 5(9.3) 10 (9.3)

3, n (%) 2 (3.4) 11 (3.8) 2(3.7) 3(2.8)
Comorbidities 0.996 0.935

Hypertension 21 (35.6) 109 (37.3) 19 (35.2) 42 (38.9)

Diabetes 12 (20.3) 66 (22.6) 10 (18.5) 24 (22.2)

Hepatic disease 1(1.7) 5(1.7) 1(1.9) 2 (1.9)

Cardiac disease 4 (6.8) 19 (6.5) 2 (7.4) 5 (4.6)

Cerebrovascular disease 4 (6.8) 16 (5.5) 1 (5.6) 4 (3.7)

Asthma 1(1.7) 5(1.7) 1(1.9) 2 (1.9)

History of pulmonary tuberculosis 1(1.7) 4 (1.4) 0 1 (0.9)

Frontiers in Surgery

134

frontiersin.org


https://doi.org/10.3389/fsurg.2022.1052643
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

Fu et al.

TABLE 2 Perioperative indicators.

10.3389/fsurg.2022.1052643

Factor Entire cohort P Matched cohort P
PG (n=59) TG (n=292) PG (n=54) TG (n=108)
Operation time (min + SD) 166.41 £41.78 179.51 + 42.84 0.032 165.32 +42.23 177.61 £ 42.96 0.086
Estimated blood loss (ml + SD) 57.19 +27.81 64.86 +£30.03 0.071 55.66 + 4.49 57.21+5.13 0.061
Operation method 0.120 0.081
Laparoscopic, 1 (%) 44 (74.6) 187 (64.0) 40 (74.1) 65 (60.2)
Robotic, 1 (%) 15 (25.4) 105 (36.0) 14 (25.9) 43 (39.8)
Lymph node dissection, n (%) <0.001 <0.001
Dl+ 58 (98.3) 81 (27.7) 54 (100) 62 (57.4)
D2 1(17) 211 (72.3) 0 46 (42.6)
Combined resection 0.786 >0.999
Gallbladder 2 6 1 2
Spleen 0 3 0 1
Bowel function recovery (days + SD) 277 +1.25 3.19+1.31 0.024 229+1.16 2.71+1.22 0.037
Start of soft diet (days + SD) 411+1.77 4.68 +1.89 0.033 4.06 +1.81 4.66 +1.69 0.039
Analgesic use on Post-operative day 1-5, n (%) 32 (54.2) 167 (57.2) 0.773 29 (53.7) 61 (56.5) 0.867
Body temperature during the first 3 days®
Post-operative day 1 (mean + SD) 37.6°C+1.7°C 37.8°C+1.9°C 0.454 37.7°C+1.9°C 37.9°C+1.7°C 0.498
Post-operative day 2 (mean + SD) 37.2°C+1.4°C 37.3°C+1.3°C 0.595 37.4°C+1.2°C 37.3°C+1.5°C 0.671
Post-operative day 3 (mean + SD) 37.4°C +1.1°C 37.3°C+ 1.6°C 0.647 37.1°C+ 1.3°C 37.2°C+1.4°C 0.661
Postoperative hospital stay (days + SD) 7.12+6.39 7.51+7.17 0.698 7.02 +6.86 7.71+7.79 0.581
30-day reoperation, n (%) 0 2 (0.68) >0.999 0 0 -
30-day readmission, n (%) 2 (34) 11 (3.8) >0.999 1(1.9) 4 (3.7) 0.666
Medical cost (yuan + SD)
Laparoscopic 70894.3 + 2241 89912.6 + 2873 0.132 71937.4 + 2106 89644.6 + 2923 0.276
Robotic 120773.7 + 8796 131417.2 + 5637 0.208 116030.2 + 9022 120511.5 + 4927 0.419

“The highest body temperature.

the TG group (grades 3-4). After matching, the number of
complications in the two groups was 9 cases and 21 cases
respectively (P=0.668). Among the number of reflux cases,
there were 6 cases in the PG group and 4 cases in the TG
group (P=0.133), showing no statistical significance. The
number of adverse events was 32 cases and 71 cases (P=
0.419), among which, the number of anemia cases was 10
cases and 26 cases (P=0.423), respectively, showing no
statistically significant differences (Table 4).

Clinical manifestations and nutritional
status

There was no significant difference in clinical characteristics
between the two groups 1 year after the operation. Overall, 26
patients in the PG group and 43 patients in the TG group (P =
0.312) reported no dietary problems. Reflux was present in
6 patients in the PG group and 3 patients in the TG group
(P=0.069), and there was no significant difference. In terms
of nutrition score, although there statistical

was no
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significance in different degrees of malnutrition between the
two groups (P=0.406), the PG group included a large
proportion of mild malnutrition patients: 21 (38.9%) in the
PG group and 33 (30.6%) in the TG group. Similarly, in the
severe malnutrition patients, 2 (3.7%) were in the PG group.
There were 9 patients in the TG group (8.3%) and a relatively
small number in the PG group (Table 5).

We assessed the rate of weight loss, the rate of Psoas muscle
index loss, and changes in nutritional parameters in 162
patients followed for at least 1 year (Figure 4). The annual
decrease in serum hemoglobin in the TG group was greater
than that in the PG group, and the decrease in serum
hemoglobin in the TG group at 3 and 6 months after surgery
was significantly higher than that in the PG group (P=0.032
and 0.046, respectively), There was no significant difference
between the two groups at 1 and 12 months after surgery
(P=0.131 and P=0.072, respectively). Regarding PNI, there
was no significant difference between the PG group and the
TG group (P>0.05). However, the PNI decline in the TG
group was always higher than that in the PG group after surgery.
Although the TG group recovered faster from 1 to 3 months,
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TABLE 3 Histopathologic characteristics.

10.3389/fsurg.2022.1052643

Variable Entire cohort P Matched cohort P
PG (n=59) TG (n=292) PG (n=54) TG (n=108)
Tumor location, n (%) 0.578 0.870
EG junction 15 (25.4) 57 (19.5) 14 (25.9) 22 (20.4)
Cardia 5 (8.5) 27 (9.2) 5(9.3) 9 (8.3)
Fundus 21 (35.6) 94 (32.2) 18 (33.3) 41 (38.0)
Upper body 18 (30.5) 114 (39.0) 17 (31.5) 36 (33.3)
Tumour size (cm + SD) 29+26 94+42 <0.001 2312 3.6x2.1 0.027
Pathological proximal margin (cm + SD) 25+14 47+3.8 <0.001 21+17 41+3.6 0.013
Pathological distal margin (cm + SD) 31+19 12+6.1 <0.001 24115 11+52 <0.001
Histological type, n (%) <0.001 0.166
Poorly differentiated 36 (61.0) 240 (82.2) 32 (59.3) 77 (71.3)
Moderately differentiated 18 (30.5) 43 (14.7) 18 (33.3) 28 (25.9)
Well differentiated 4 (6.8) 2(0.7) 3 (5.6) 1(0.9)
Undifferentiated 1(1.7) 7 (2.4) 1(1.9) 2 (1.9)
Histology (Lauren classification), n (%) 0.907 0.892
Intestinal 17 (28.8) 82 (28.1) 15 (27.8) 29 (26.9)
Diffuse 21 (35.6) 93 (31.8) 20 (37.0) 36 (33.3)
Mixed 18 (30.5) 95 (32.5) 16 (29.6) 38 (35.2)
Indeterminate 3 (5.1) 22 (7.5) 3 (5.6) 5 (4.6)
T stage, n (%) <0.001 0.989
Tla 23 (39.0) 62 (21.2) 22 (40.7) 42 (38.9)
T1b 21 (35.6) 58 (19.9) 19 (35.2) 38 (35.2)
T2 14 (23.7) 64 (21.9) 12 (22.2) 26 (24.1)
T3 1(1.7) 108 (37.0) 1(1.9) 2 (1.9)
N stage, n (%) <0.001 0.215
NO 41 (69.5) 139 (47.6) 39 (72.2) 75 (69.4)
N1 18 (30.5) 78 (26.7) 15 (27.8) 33 (30.6)
N2 0 75 (25.7) 0 0
pTNM stage, n (%) <0.001 >0.999
IA 33 (55.9) 86 (29.5) 32 (59.3) 63 (58.3)
B 22 (37.3) 61 (20.9) 21 (38.9) 43 (39.8)
A 4 (6.8) 41 (14.0) 1(1.9) 2(1.9)
>IIB 0 104 (35.6) 0 0
Retrieved lymph nodes (mean + SD) 18.31 £9.49 31.46 £15.61 <0.001 19.73 +10.03 24.75+12.84 0.023
Positive lymph nodes (mean + SD) 21+1.7 7.32+3.17 <0.001 19+1.6 3.7+4.1 0.041

the curves between the two groups have no intersection. Serum
prealbumin levels in both groups were not significantly
different at any time point (P>0.05), but the TG group
recovered faster at 3 to 6 months after surgery, and the
levels in the two groups were almost the same at 12 months.
Like albumin, there was no statistical significance at any
time point, and the trend of change was not exactly the
same as that of prealbumin. One month after surgery, %BW
loss in TG group was significantly lower than that in the PG
group (P=0.024), and 6 months after surgery, %BW loss in
the TG group was higher than that in the PG group. No
significant differences were observed at any time point in %
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PMI loss between the two groups. No patients in either
group died or relapsed during one year of follow-up.

Reflux symptom and endoscopic findings

The patients will be graded according to the Visick score 1
year after operation, Visick score of reflux symptoms showed
that there were 6 patients (11.1%) in the PG group and 3
patients (2.8%) in the TG group with grade ii or higher reflux
symptoms (P =0.069), which was not statistically significant.
All patients underwent endoscopy approximately 1 year after
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TABLE 4 Postoperative morbidity and adverse events within 30 postoperative days.

10.3389/fsurg.2022.1052643

Clavien-Dindo/CTCAE v5.0 Entire cohort P Matched cohort P
PG (n=59) TG (n=292) PG (n=54) TG (n=108)

Complications, n (%) 0.788 0.668
No 47 (79.7) 228 (78.1) 45 (83.3) 87 (80.6)

Yes 12 (20.3) 64 (21.9) 9 (16.7) 21 (19.4)

Clavien-Dindo Grade, n (%) 0.928 0.939
Grade I-1I 9 (15.3) 51 (17.5) 8 (14.8) 17 (15.7)

Grade III-1V 3 (5.1) 13 (4.5) 1(1.9) 4 (3.7)

Non-hematological, n (%) 0.948 0.856
Anastomotic leakage 0 2 (0.7) 0 0
Anastomotic stenosis 0 2(0.7) 0 1(0.9)

Cholecystitis 0 3 (1.0) 0 0
Pancreatitis 1(1.7) 4 (1.4) 0 1 (0.9)
Pancreatic fistula 1(1.7) 5(1.7) 1(1.9) 2 (1.9)
Intraperitoneal hemorrhage 1(1.7) 5(1.7) 1(1.9) 2 (1.9)
Fluid abscess 0 7 (2.4) 0 1 (0.9)
Wound infection 0 4 (1.4) 0 1 (0.9)
Wound dehiscence 0 3 (1.0) 0 1 (0.9)
Pneumonia 2 (3.4) 9 (3.1) 1(1.9) 5 (4.6)
Chyle leakage 1(1.7) 5(1.7) 0 2 (1.9)
Regurgitation 6 (10.2) 13 (4.5) 0.077 6 (11.1) 4(3.7) 0.133
Tleus 0 2 (0.7) 0 1(0.9)

Adverse events, 1 (%) 0.624 0.419
No 23 (39.0) 104 (35.6) 22 (40.7) 37 (34.3)

Yes 36 (61.0) 188 (64.4) 32 (59.3) 71 (65.7)

CTCAE v5.0 Grade, n (%) 0.898 0.658
Grade 1-2 34 (57.6) 177 (60.6) 31 (57.4) 67 (62.0)

Grade 3-4 2 (3.4) 11 (3.8) 1(1.9) 4(3.7)

Hematological, n (%) 0.997 0.950
Anemia® 13 (22.0) 74 (25.3) 0.591 10 (16.7) 26 (24.1) 0.423
Lymphocytopeniab 1(1.9) 4 (1.4) 1(1.9) 1(0.9)

Creatinine increased® 0 3 (1.0) 0 2 (1.9)
Hypo—pre-albuminemiad 12 (20.3) 52 (17.8) 12 (22.2) 27 (25.0)
Hyperbilirubinemia® 3 (5.1) 21 (7.2) 3 (5.6) 5 (4.6)
AST/ALT increased" 3 (5.1) 14 (4.8) 2 (3.7) 2(1.9)
Hypernatremia® 0 1(0.3) 0 0
Hyponatremiah 3 (5.1) 14 (4.8) 3(7.4) 7 (6.5)
Hyperkalemiali 1(1.9) 5(1.7) 1(1.9) 1(0.9)

“Male patients Hb <110 g/L, female patients Hb <100 g/L.

Lymphocyte count < 1.1¥10°/L.
“Creatinine > 132umol/L.
9Pre-albumin <200 mg/L.
STotal bilirubin > 22umol/L.
AST/ALT > 2.

9Na > 147 mmol/L.

"Na <137 mmol/L.

'K'>5.3 mmol/L.

surgery. These endoscopic findings were scored against the Los
Angeles classification of reflux esophagitis and the results of
preoperative endoscopy. In the PG group, 5 patients had
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grade A reflux esophagitis and 1 patient had grade B reflux
esophagitis before surgery. After surgery, 7 patients developed
grade A reflux esophagitis and 1 patient developed grade B
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TABLE 5 Comparison of postoperative clinical manifestations and
nutritional score by PG-SGA between PG and TG 1 year after surgery.

PG TG P
(n=54) (n=108)
Symptom, 1 (%) 0.927
There are no dietary problems 26 (48.1) 43 (39.8) 0.312
Nausea 3 (5.6) 7 (6.5)
Mouth pain 0 1(0.9)
A strange smell is scratching me 1(1.9) 3(2.8)
Vomit 2(3.7) 5 (4.6)
Dry mouth 2 (3.7) 5 (4.6)
No appetite 2(3.7) 6 (5.6)
Constipation 2(7.4) 8 (7.4)
Dysphagia 1(1.9) 3 (2.8)
Diarrhea 1(1.9) 3(2.8)
Easy to fill 5(9.3) 13 (12.0)
It tastes tasteless or strange 1(1.9) 3 (2.8)
Abdominal pain 2 (3.7) 5 (4.6)
Esophageal reflux 6 (11.1) 3 (1) 0.069
Overall evaluation, n (%) 0.406
Good nutritional status SGA-A (0-3) 21 (38.9) 33 (30.6) 0.289
Moderate or suspected 31 (57.4) 66 (66.1) 0.650
malnutrition SGA-B (48)
Severe malnutrition SGA-C (>8) 2 (3.7) 9 (8.3) 0.440

reflux. In the TG group, grade A, B, and C reflux esophagitis
occurred preoperatively in 1, 5, and 2 patients, respectively.
After surgery, 4, 1, and 2 patients had grade A, B, and C
reflux esophagitis, respectively (Tables 6, 7). After surgery, 8
patients (14.8%) in the PG group and 7 patients (6.5%) in the
TG group had >A reflux (P=0.085), showing no statistical
significance.

Discussion

Proximal gastrectomy was introduced to improve patient
performance status by conserving half of the stomach; thus, it
that
postoperative weight loss. In addition, PG in the upper third

is  widely Dbelieved proximal gastrectomy reduces
of the stomach was believed to be appropriate in terms of
both its radicality and safety (30, 31).

Our study showed that PG gastric tubular reconstruction
had the advantage of less postoperative anemia and less %BW
loss than TG. This result is consistent with previous reports
(9, 32). Some studies have reported that PG with double-tract
reconstruction does not have any advantages for postoperative
anemia (28, 33, 34). Our data showed no significant difference
in total protein and serum prealbumin. This result was
consistent with previous reports (9, 35, 36). Based on its
safety and we believe that tubular

simplicity, gastric
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reconstruction can be a viable option after proximal PG. The
use of a gastric tube provides a simple and safe anastomosis
for PG because it is a single anastomosis. Kitano et al.
introduced a reconstruction method using a gastric tube after
PG (37). The authors indicated that the technique was simple
and less invasive for EGC in the upper third of the stomach
and evaluate the effectiveness of gastric tubular reconstruction
to prevent reflux after open PG (38).

In 2017, that
reconstruction has advantages, including being less invasive

Toyomasu reported gastric  tubular
compared to jejunal interposition, shorter surgical duration,
less surgical blood loss, and maintenance of postoperative
(39).

different types of complications of PG.

nutritional ~status Some previous reports showed

RE is common
study, RE with
symptoms was diagnosed in 6 (11.1%) of 54 patients. This

complication after PG. In the present

result was almost compatible with previous reports (40-43).
But the rate of RE (>Los Angeles grade A) has been reported
to be over 30% (36, 44). Chen et al. (40) reported that only
14.3% of patients showed reflux symptoms after tube gastric
anastomosis, and 57% of patients exhibited reflux esophagitis.
Compared with traditional esophagogastric anastomosis, this
method has obvious antireflux advantages. Aihara et al. (45)
showed that 14% of patients had reflux symptoms after tube
gastric anastomosis, while the incidence of anastomotic
stenosis was 35%. Ronellenfitsch et al. (46) demonstrated that
the incidence of reflux symptoms was 21.4% early (1-6
months) after esophagogastrostomy and 33.3% long (>6
months) after esophagogastrostomy. However, the symptoms
were mild. Endoscopic examination results revealed that 29%
of patients had esophagitis, and only 2 of them had reflux
symptoms. Another study reported that after 3 weeks to 1
year follow-up, gastric tube anastomosis in patients with
reflux symptoms was lighter than traditional residual stomach
esophagus anastomosis; however, after 2-10 years of follow-
up, there was no statistically significant difference the rate of
reflux symptoms in patients with in gastric tube esophagus
anastomosis compared with traditional residual stomach
esophagus anastomosis (47).

The reflux symptoms of all patients in this study were
graded 1 year after surgery using the Visick score. In total,
nine patients had grade II reflux symptoms. Notably, the PG
patient with Visick grade II reflux did not exhibit signs of
reflux esophagitis on endoscopy 1 year after surgery: the Los
Angeles scores were both grade 0. In contrast, the fifteen
patients who exhibited reflux esophagitis on endoscopy 1 year
after surgery (their grades ranged from A to C) all had Visick
grade I scores. Thus, reflux symptoms did not correlate well
with endoscopic findings. Several other studies have also
reported this, both in patients who underwent gastrectomy
and in patients with gastroesophageal reflux disease (46, 48).
This may reflect differences between individuals in terms of
sensitivity to subjective symptoms. Further prospective studies
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FIGURE 4
Postoperative changes of prognostic nutritional index (PNI) (A), hemoglobin (B), pre-albumin (C), aloumin (D), %BW loss (E) and %PMI loss (F) in the
proximal gastrectomy (PG) group and total gastrectomy (TG) group. All postoperative data are represented as values (mean + standard error) relative
to preoperative

TABLE 6 Reflux symptom scores 1 year after surgery in the propensity
score-matched patients who underwent proximal or total
gastrectomy. esophagitis on endoscopy are needed.

on the relationship between reflux symptoms and reflux

PG (n=>54) TG (n=108) P Recently, several wuseful assessment scales and

questionnaires have been developed to measure the subjective

Visick score 0.079 reflux symptoms of patients. They include Post gastrectomy
I 48 105 0.069 Syndrome  Assessment Scale (PGSAS-45), Functional
I 5 2 0.076 Assessment of Cancer Therapy-Gastric (FACT-Ga), and
I 1 1 >0.999 European Organization for Research and Treatment of Cancer
v 0 0 >0.999 Quality of Life Questionnaire-Gastric Cancer (EORTC QLQ-
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TABLE 7 Endoscopic findings at 1 year after surgery.

10.3389/fsurg.2022.1052643

Reflux esophagitis PG (n=54) TG (n=108)

LA grade Preoperative Postoperative Preoperative Postoperative
A 5 1 4

B 1 5 1

C 0 2 2

D 0 0 0

STO22 and EORTC QLQ-C30). Future studies comparing surgical
modalities for EGC should use these tools to assess the
postoperative functional benefits of each modality (8, 49, 50).

Multiple studies have described the advantages of PG for
treating this cancer. However, to date, few studies have
assessed the usefulness of PG with gastric tube placement. In
particular, the oncological safety of PG with gastric tube
placement remains unclear due to the lack of long-term
studies. For PG with gastric tube to become the standard
surgical option for early proximal gastric cancer, it must be as
oncologically safe as TG, offer a functional benefit, and be
associated with minimal postoperative complications.

The oncological safety of proximal gastrectomy mainly
the of the
supratropyloric, distal lesser curvature of the stomach, and

involves preservation supratropyloric,
lymph nodes along the right perivascular gastroomentum.
Studies have shown that there is no statistically significant
difference in the overall postoperative survival rate between
patients undergoing total gastrectomy and patients undergoing
proximal gastrectomy for early upper gastric cancer (51).
the

gastrectomy for early upper gastric cancer is not controversial,

Therefore, clinical oncology safety of proximal
but for advanced upper gastric cancer, the oncology safety of
proximal gastrectomy is still controversial. Oncology safety
depends primarily on the impact of lymph node preservation
on patient survival.

Yamashita et al. (52) showed that for esophageal and gastric
junction carcinoma with tumor length <4 cm, the lymph node
metastasis rates of Groups 4sa, 4sb, 4d, 5 and 6 were
extremely low and were independent of tumor location and T
stage. The results of a separate study of 202 patients with
stage T2 and T3 proximal gastric cancer undergoing proximal
gastrectomy demonstrated that the lymph node metastasis
rates of Groups 4sa, 4sb, 4d, 5, 6, 8a and 12a were 3.47%,
1.49%, 0.99%, 0.00%, 0.00%, 2.02% and 0.006%, respectively,
and the overall 5-year survival rate of the patients was 72.9%.
Proximal gastrectomy was recommended for the treatment of
T2 and T3 proximal gastric cancer (53). However, no
prospective randomized controlled studies have been
conducted on the long-term outcomes of total gastrectomy
and proximal gastrectomy for locally advanced upper gastric
cancer, and the oncological safety of proximal gastrectomy

needs further clinical evidence.
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There are several limitations to this study. First, the small
number of patients in the cohort and the retrospective design
of this study made the evidence of retrospective analysis less
These
limitations were offset using propensity score matching to

reliable than that of randomized controlled trials.

select a TG group that matched the PG group in terms of
important baseline features. Even though propensity score
matching was used, there is a selection bias according to the
preference of the surgeon. However, surgery performed during
the same period and the proficiency of the surgical method
are not different. Second, the lack of long-term follow-up
of nutritional status, assessment of patients’ long-term quality
of life, and oncology outcomes largely limit the true
benefits of PG. Third, we did not compare surgical methods
in terms of postoperative VitB12 and serum iron, and anemia
is a common complication of gastrectomy (54). Future studies
comparing PG with tube gastric versus TG should examine
postoperative iron panel blood test results. These studies
should also determine the nutritional benefit of the surgical
modalities by assessing the postoperative lipid profile. Finally,
different reflux-scoring tools are needed to determine the
effect of the surgeries on reflux symptoms.

Conclusion

this tubular
gastrostomy was superior in clinical outcome to Roux-en-Y

In study, proximal gastrectomy with
reconstruction for gastric cancer. These results suggest that
PG combined with gastric tube anastomosis may be an
appropriate surgical option for proximal gastric cancer.
However, there is no standard procedure for early upper
gastric cancer, and only prospective randomized trials in the
future will clarify the true benefits of one procedure over

another.
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Backgroud: The high or low inferior mesenteric artery (IMA) ligation in rectal
cancer remains a great debate. This study retrospectively discussed the
outcomes of the perioperative period, defecation and urinary function and
long-term prognosis in rectal cancer patients with high or low IMA ligation.
Methods: This study enrolled 220 consecutive rectal cancer cases, including
134 with high IMA ligation and 86 with low ligation. A comparison between
the two groups was made for anastomotic leakage, low anterior resection
syndrome (LARS), international prostate symptom score (IPSS), 5-year
disease-free survival (DFS) and 5-year overall survival (OS).

Results: Low-ligation group had a longer operative time, and larger intraoperative
blood loss. No significant difference was noted in anastomotic leakage incidence.
In multivariable analysis, the male gender and tumor located at the lower rectum
were identified as risk factors for anastomotic leakage. No significant differences
were observed between groups in their LARS and IPSS questionnaire responses.
The high-ligation vs. the low-ligation 5-year OS and DFS were 78.3% vs. 82.4%
and 72.4% vs. 76.6%, respectively, which were not statistically different.
Conclusion: The ligation level of the IMA had no significant effect on the
anastomotic leakage incidence, defecation, urinary function, and long-term
prognosis.

KEYWORDS

rectal cancer, high ligation, low ligation, inferior mesenteric artery (IMA), anastomotic
leakage (AL)

Introduction

Currently, the incidence and mortality attributed to colorectal cancer both rank third,
with patients becoming younger in average age (1). Surgical treatment is the mainstay for
rectal cancer, amongst which low anterior resections are most valued. In domestic practice
and overseas, there remains debate about the position of the inferior mesenteric artery
(IMA) ligation during surgery (2-5). High ligation refers to a ligation located 1 to 2 cm
away from the abdominal aorta origin, without the left colic artery preservation. In
contrast, low ligation refers to a ligation at the left colic artery region, with dissection of
the lymph nodes at IMA root and preservation of the left colic artery (6-9). Some
scholars supported the use of high ligation mainly for two reasons: on the one hand,
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high ligation allows a sufficient length of the proximal free colon,
which ensures a situation free of tension for colonic anastomosis;
on the other hand, high ligation raises the lymph node yield, and
improves the precision of disease staging, in the way of allowing
lymph nodes dissection at IMA root to the maximum (10-13).
However, according to some scholars, high ligation is at the
cost of abandoning proximal colonic blood perfusion and
declining anastomotic blood supply, which might increase the
incidence of anastomotic leakage and lead to colon necrosis
due to ischemia in severe cases (14-17). Researchers have not
yet discovered if high ligation contributes to a higher lymph
node yield in rectal resections, while it shows no superiority to
low ligation regarding long-term oncologic prognosis (8, 18, 19).

In addition, high ligation with complete lymph node IMA
root dissection may damage the inferior epigastric plexus,
which governs defecation, urination, and sexual function. The
results are conflicting on the effect of IMA ligation level on
defecation and urinary function (20, 21).

This study retrospectively discussed the outcomes of the
perioperative period, defecation, urinary function, and long-
term prognosis in rectal cancer patients who had a laparoscopic
lower rectal anterior resection with high or low IMA ligation.

Methods
Patients

This retrospective study involved 220 participants treated
with radical laparoscopic for rectal cancer in the Second
Affiliated Hospital of Chongqing Medical University between
January 2014 and May 2016.
(1) Distance between tumor edge and the anal verge <15 cm;

Inclusion criteria were

(2) Preoperative colonoscopy confirmed rectal tumor, and the

pathological  tissue  biopsy revealed adenocarcinoma;
(3) Preoperative chest and abdomen computer tomography
(CT) and pelvic MRI confirmed locally progressive tumor;
(4) Intraoperative sigmoid-rectal end-to-end anastomosis with
a double stapling apparatus. Exclusion criteria were (1) Stage
IV carcinoma with distant or peritoneal metastases before or
during operation; (2) Emergency patients complicated with
bleeding, perforation, and intestinal obstruction; (3) Patients
with Hartmann’s or abdominoperineal resections; (4) Multiple

colorectal cancers. The patient whose preoperative MRI

suggested T3-4 or N+ was treated with concurrent
radiotherapy and chemotherapy. The long course of
preoperative radiotherapy consisted of 50.4 Gray in 25 to 28
fractions, five times per week, over five weeks. Oral

5-fluorouracil (Capecitabin, Xeloda®, 825 mg/mz/day, twice a
day, five times a week, for five weeks) was administered in
conjunction with a long course of radiotherapy. After
concurrent chemoradiotherapy, surgery was performed six
weeks later. The hospital ethics committee approved this research.
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Surgical procedure

All surgeries were performed by five professors, each with
20 years of experience in gastrointestinal surgery, who decided
on the ligation level of IMA according to the intraoperative
situation and personal opinions. IMA was ligated 1 to 2 cm
distant from the aorta origin, with clearance of lymph nodes
at the root in the high-ligation cases. IMA was ligated in the
lower part of the left colic artery following lymph node
dissection at the root in the low-ligation cases. Following the
sigmoid-rectal end-to-end anastomosis completion, one
drainage tube was placed around the pelvic anastomosis and
passed out through the abdominal wall. The surgeon decided
the level of IMA ligation, whether to perform a preventive

ileostomy, and whether to place an anal canal.

Postoperative management

Training for bladder function was arranged by clamping the
urinary catheter on day 2 after the operation, followed by
removing the urinary catheter. The anal canal was removed
on day 5. The abdominal drainage tube was removed on day
7 in case of the absence of anastomotic leakage. Ileostomy
closure was arranged 1-3 months after the operation for
patients with a preventive ileostomy.

Postoperative complications and
pathology

The postoperative complications were categorized as per the
Clavien-Dindo method. Mild and serious complications were
determined if the Clavien-Dindo classification was <II or
>1II, respectively (22). Anastomotic leak was defined as fecal
flow through the abdominal drainage tube or signs of
peritonitis, and the presence of an anastomotic leak was
confirmed by abdominal CT. The anastomotic leak was graded
following the International Study Group of Rectal Cancer
grading: grade A, no special treatment required; grade B, active
treatment required without reoperation; grade C, operative
treatment (23). Postoperative tumor TNM pathological staging
followed the American Joint Committee on Cancer (AJCC)
8th edition. An involved circumferential resection margin
(CRM) was defined as <1 mm between the margin of deepest
tumor infiltration and the surgical resection margin.

Postoperative adjuvant chemotherapy

Stage I patients were followed up regularly, stage II patients
received adjuvant oral 5-FU-based chemotherapy (capecitabine),
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and stage III patients received Xelox (capecitabine plus
oxaliplatin).

Functional evaluation

Low anterior resection syndrone (LARS) score was utilized to
assess bowel function. LARS scoring questionnaire, consisting of
five questions about liquid stool and flatus incontinence, stools
clustering, bowel frequency, and fecal urgency, was scored from
0 to 42. The patients were classified as no LARS, minor LARS,
and major LARS when the score was 0-20, 21-29, and 30-42
points, respectively (24). The international prostate symptom
score (IPSS) for urinary function consisted of seven items:
urgency, frequency, nocturia, weak stream, intermittency,
incomplete emptying, and straining (25). IPSS was classified as
mild, moderate, or severe when the score was 0-7, 8-19, or
20-35, respectively. Prior to and at 6 and 12 months after
surgery, the patients were given a questionnaire. At 6 and 12
months after ileostomy closure, patients with ileostomies
completed questionnaires to assess bowel function.

Follow up

After surgery, all patients were followed up every six months
for the first three years and then annually for three to five years.

TABLE 1 Patients’ baseline and clinical characteristics.

High ligation Low ligation P
(n=134) (n=86) value
Age (years) 63.6+6.9 65.1+6.8 0.110
Gender 0.442
Male 71 (53.0%) 41 (47.7%)
Female 63 (47.0%) 45 (52.3%)
BMI (kg/m2) 24725 250+2.1 0.242
ASA 0.648
I 47 (35.1%) 25 (29.1%)
i 69 (51.5%) 48 (55.8%)
11 18 (13.4%) 13 (15.1%)
Tumor location 0.302
Upper rectum 91 (67.9%) 64 (74.4%)
Lower rectum 43 (32.1%) 22 (25.6)
Neoadjuvant therapy 27 (18.8%) 18 (20.9%) 0.687
History of abdominal 39 (29.1%) 17 (19.8%) 0.121
surgery
Diabetes 22 (16.4%) 13 (15.1%) 0.797
Coronary heart 27 (20.1%) 18 (20.9%) 0.889
disease
Hypertension 31 (23.1%) 26 (30.2%) 0.241
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Follow-up visits, conducted in the clinic and by telephone,
included a physical examination, carcinoembryonic antigen
measurement, CT of the chest and abdomen, colonoscopy,
and completion of a questionnaire. If patients were found to
suffer recurrent metastasis for the follow-up period, the
location and point in time of recurrent metastasis were
recorded. Patients with recurrent metastasis were reexamined
months, serum

every three carcinoembryonic

antigen and CT of the chest and abdomen.

assessing

Statistical analysis

The study statistical analyses were done using macOS IBM
SPSS Statistics 26.0. Comparing categorical variables and

TABLE 2 Surgical data and postoperative complications.

High ligation Low ligation p
(n=134) (n=86) value
Conversion to open 5 (3.7%) 2 (2.3%) 0.708*
surgery
Operative time (min) 184.6 + 14.4 190.7 + 16.4 0.004
Intraoperative blood 84.3+245 91.2+21.8 0.037
loss (ml)
Splenic flexure 20 (14.9%) 18 (20.9%) 0.250
mobilization
Preventive ileostomy 17 (12.7%) 13 (15.1%) 0.608
Indwelling anal canal 94 (70.1%) 61 (70.9%) 0.695
Time to first flatus 36+1.0 36+1.1 0.539
(day)
Hospital stays (day) 102+2.6 10.0+3.0 0.720
Postoperation 34 (25.4%) 18 (20.9%) 0.449
complications
Dindo-Clavien 0.734
classification
Mild 23 (17.2%) 13 (15.1%)
Severe 11 (8.2%) 5 (5.8%)
Incision infection 5 (3.7%) 4 (4.7%) 0.739*
Intestinal obstruction 3 (2.2%) 1(1.2%) 1*
Diarrhea 2 (1.5%) 1 (1.2%) 1*
Urinary retention 5 (3.7%) 2 (2.3%) 0.708*
Pneumonia 4 (3.0%) 2 (2.3%) 1*
Anastomotic bleeding 1 (0.7%) 1(1.2%) 1*
Anastomotic leakage 14 (10.4%) 7 (8.1%) 0.570
Leakage grade 0.704*
A 2 (1.5%) 2 (2.3%)
B 5 (3.7%) 2 (2.3%)
C 7 (5.2%) 3 (3.5%)
Reoperation 8 (3.7%) 3 (3.5%) 0.534*
Overall 30-day 2 (1.5%) 1(1.2%) 1*

mortality

*Refers to Fisher's exact test.
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continuous data among different groups was done via Chi- was significantly higher than in the low ligation group (91.2 +
square or Fisher’s exact tests. Relying on the distribution, the 21.8 ml vs. 84.3+24.5 ml, p=0.037). No statistical differences
continuous data were evaluated with an independent t-test or were shown in conversion to open surgery, splenic flexure
Mann-Whitney U test. Univariate and multivariate logistic mobilization, preventive ileostomy, indwelling anal canal, time
regression assessed the risk factors for anastomotic leakage. p < to first flatus, and hospital stay (p>0.05). The incidence of
0.100 variables were included in the multivariable analysis. The postoperative complications in the high and low ligation
5-year OS and DFS were analyzed by Kaplan-Meier curves, groups was 25.4% and 20.9%, respectively, and no significant
and, to verify the groups’ significant differences, a log-rank test difference was observed (p=0.449). The anastomotic leakage
was done. p <0.05 was regarded as statistically significant. in the high and low ligation groups was 10.4% (14 patients)

and 8.1% (7 patients), respectively, with no significant
difference (p=0.570). Reoperation occurred in the high and
Results low ligation groups at 3.7% and 3.5.%, r.espectivel.y (p=0.534).
The 30-day after surgery mortality in the high and low
Patient characteristics ligation g.rOprs were ‘two and one case, respectively, which
was not significantly different.
Table 1 shows all patients baseline and clinical
characteristics. No statistically significant differences were
found between patients who were treated with high ligation Anastomotic leakage risk factors

and those who underwent low ligation for gender, age, ASA

stage, BMI, tumor location, neoadjuvant chemoradiotherapy, The male gender, neoadjuvant therapy, and the lower
history of abdominal surgery, diabetes, coronary heart disease, rectum tumors were considerably related to anastomotic
and hypertension between the two groups (p > 0.05). leakage incidence, as revealed by univariable analysis. The

male gender and the lower rectum tumors were considered
anastomotic leakage risk factors, as the multivariable analysis

Surgical data and postoperative revealed (Table 3).

complications outcomes

Table 2 shows the surgical outcomes and complications. Pathological outcomes
The high ligation group had a shorter operation time than the
low ligation group (184.6 + 14.4 min vs. 190.7 + 16.4 min, p = Table 4 lists the pathological results summary. The tumor
0.004). Intraoperative blood loss in the high ligation group size, proximal margin, and distal margin were measured

TABLE 3 Risk factors for anastomotic leakage.

Anastomotic leakage Univariable analysis Multivariable analysis
Yes (n=21) No (n=199) p OR (95%CI) P OR (95%CI)

Gender

Male 17 96 0.011 4.333 (1.399-13.418) 0.035 3.451 (1.091-10.919)

Female 4 104 1 (reference) 1 (reference)
Age

>65 11 84 0.492 1.381 (0.550-3.467) - -

<65 10 116 1 (reference) - -
Neoadjuvant therapy

Yes 8 38 0.038 2.296 (0.858-6.143) 0.129 1.651 (0.599-4.545)

No 13 162 1 (reference) 1 (reference)
Tumor location
Lower rectum 12 54 0.012 3.305 (1.298-8.414) 0.047 2.628 (1.011-6.828)
Upper rectum 9 146 1 (reference) 1 (reference)
Diverting ileostomy

Yes 4 27 0.852 0.884 (0.310-4.119) - -

No 17 173 1 (reference) - -
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without differences between the two groups (p>0.05). The
number of lymph nodes harvested in the high and low
ligation groups was 16.3 +2.8 and 15.5 + 2.4, respectively (p =
0.053). No significant difference was observed between the
two groups in the number of positive lymph nodes (p=
0.493). No statistical differences were identified between the
two groups in CRM, neural invasion, vascular invasion,
degree of differentiation, pN stage, pT stage, and pTNM stage
(p>0.05; Table 4).

Functional outcomes of LARS and IPSS
questionnaires

The functional outcomes of LARS and IPSS questionnaires
are shown in Table 5. No significant differences were observed
before surgery, or 6 and 12 months following surgery, in both
LARS and IPSS questionnaire responses between groups.

TABLE 4 Pathological data.

High ligation  Low ligation p

(n=134) (n=86) value
Tumor size (cm) 38+14 36+1.5 0.170
Proximal margin (cm) 9.5+22 89+25 0.064
Distal margin (cm) 22+1.1 19+1.1 0.141
CRM 0.985
Negative 123 (91.8%) 79 (91.9%)
Positive 11 (8.2%) 7 (8.1%)
Neural invasion 21 (15.7%) 10 (11.6%) 0.400
Vasculature invasion 18 (13.4%) 11 (12.8%) 0.891
Degree of differentiation 0.534
High 95 (70.9%) 55 (64.0%)
Medium 24 (17.9%) 18 (20.9%)
Low 15 (11.2%) 13 (15.1%)
pT stage
T1 8 (6.0%) 6 (7.0%) 0.612
T2 19 (14.2%) 13 (15.1%)
T3 58 (43.3%) 43 (50.0%)
T4 49 (36.6%) 24 (27.9%)
pN stage 0.749
NO 96 (71.6%) 65 (75.6%)
N1 29 (21.6%) 15 (17.4%)
N2 9 (6.7%) 6 (7.0%)
pTNM 0.803
I 27 (20.1%) 19 (22.1%)
1I 69 (51.5%) 46 (53.5%)
111 38 (28.4%) 21 (24.4%)
Total number of lymph 163+2.8 155+24 0.053
nodes harvested
Positive number of lymph 0.8+2.0 1.0+22 0.493

nodes harvested
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Long-time oncologic prognosis

The follow-up rate at five-years was 90.5%, with 12 patients
in the high ligation group and nine patients in the low ligation
lost to follow-up. The occurrence of recurrent metastases in the
high and low ligation groups was 26.5% vs. 22.4%, respectively,
which was not statistically different (Table 6). The 5-year OS

TABLE 5 Function outcomes of LARS and IPSS.

High ligation Low ligation P value

Preoperational LARS grade 134 86 0.275

No 72 (53.7%) 49 (64.5%)

Minor 45 (33.6%) 18 (23.7%)

Major 17 (12.7%) 9 (11.8%)
6-month LARS grade 115 72 0.689

No 23 (20.0%) 12 (16.7%)

Minor 55 (47.8%) 39 (54.2%)

Major 37 (32.2%) 21 (29.2%)
12-month LARS grade 93 64 0.706

No 32 (34.4%) 18 (28.1%)

Minor 46 (49.5%) 35 (54.7%)

Major 15 (16.1%) 11 (17.2%)
Preoperational IPSS grade 134 86 0.435

Mild 51 (38.1%) 40 (46.5%)

Moderate 46 (34.3%) 24 (27.9%)

Sever 37 (27.6%) 22 (25.6%)
6-month IPSS grade 115 72 0.699

Mild 27 (23.5%) 19 (23.2%)

Moderate 47 (40.9%) 38 (46.3%)

Sever 41 (35.7%) 25 (30.5%)
12-month IPSS grade 93 64 0.171

Mild 31 (33.3%) 17 (26.6%)

Moderate 34 (36.6%) 33 (51.6%)

Sever 28 (30.1%) 14 (21.9%)
TABLE 6 Recurrent metastasis and long-time outcome.

High ligation Low ligation p
(n=132) (n=85) value

Recurrent metastasis 35 (26.5%) 19 (22.4%) 0.489

Liver metastasis 15 (11.4%) 8 (9.4%) 0.648

Pulmonary 10 (7.6%) 3 (3.5%) 0.220
metastasis

Liver and 8 (6.1%) 7 (8.2%) 0.538
pulmonary metastasis

Local recurrence 2 (1.5%) 1 (1.2%) 1*
5-year overall survival 78.3% 82.4% 0.463
5-year disease-free 72.4% 76.6% 0.485

survival

*Refers to Fisher's exact test.
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and DFS for the high and low ligation groups were 78.3% vs.
82.4% (p=0.463), and 72.4% 76.6% (p=0.485),
respectively, showing no statistical differences (Figures 1 and 2).

Vs.

Discussion

This study discloses that low ligation increases operation time
and intraoperative blood loss compared to high ligation.
Furthermore, no significant difference was observed between the
high and low ligation groups in anastomotic leakage. The male
gender and lower rectum tumors are anastomotic leakage risk
factors. No significant differences were observed between the
groups in oncologic outcomes, such as 5-year OS and 5-year DFS,
as well as functional outcomes, such as bowel and urine functions.

The study revealed that the low ligation group had a longer
operative time (184.56 +14.4 vs. 190.7 £16.4, p=0.004) and
more intraoperative blood loss (84.3 £24.5 vs. 91.2+21.8, p=
0.037).
clearance at IMA root to expose the left colic artery, on the

Given that low-ligation works by lymph node

premise of IMA safety, it is harder to run and requires more
experienced surgeons. A recent study found that whether the

S 80- K__—H—%
2
g -
& 60
g P>0.05
T 40 Co
2 | —— High ligation
D A .
& 20—- — Low ligation

0 T T T T r

0 20 40 60

Time (months)

FIGURE 1
5-year disease-free survival of the high- and low-ligation groups.
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5-year overall survival of the high- and low-ligation groups.
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left colic artery is preserved or not was independent of the
operative time and intra-operative blood loss (5). Similarly,
some meta-analyses showed that the left colic artery
preservation would not increase the operative time and intra-
operative blood loss (26, 27). However, Park et al. (8)
reported that the low-ligation strategy contributed to a shorter
but

intraoperative blood loss. The discrepancy might be associated

operative  time was not superior in decreasing
with the operative experience of the surgeons.

Anastomotic leakage is a high-risk complication during low
anterior rectal resections, leading to a longer hospital stay and
higher medical costs, as well as increasing the ileostomy rate and
mortality. In the current research, the anastomotic leakage
incidence in the high and low ligation groups were 10.4% and
8.1%, respectively, which was not statistically significant, and the
male gender and the lower rectum tumor were considered risk
factors. Several studies showed that the anastomotic leakage
incidence during low anterior rectal resections would not be
increased when high-ligation was applied, and gender and the
distance from the tumor to the anus were major factors causing
anastomotic leakage after operation (28, 29). The level of IMA
ligation does not correlate with anastomotic leakage and must be
selected according to factors, including the presence or absence
of tension anastomosis (30). Additionally, it has been suggested
that anatomical variants of the left colic artery should be of
concern, as insufficient vascularization of the proximal colonic
conduit in the absence of the left colic artery is also an
important factor in the occurrence of anastomotic leakage (31).
However, anastomotic blood perfusion remains one of the
important factors affecting anastomotic healing. Intraoperative
colonic perfusion was measured using laser Doppler flowmetry
and was found to be slightly decreased in the high ligation group
and slightly increased in the low ligation group, independent of
blood pressure (16). Seike et al. (15) reported that, after
clamping the IMA, the anastomotic blood flow of the proximal
colon was significantly reduced, which was more evident in
elderly men, along with a higher risk of anastomotic leakage.
Other studies also demonstrated that low ligation could decrease
the anastomotic leakage risk (32-34). Therefore, larger samples
are required to further explore the relationship between
anastomotic leakage and IMA ligation level in the future.

Bowel and urinary function were poor after rectal cancer
surgery. A Japanese randomized controlled trial reported no
significant differences between patients with high and low
ligation, assessed at three months and one year postoperatively,
on defecatory function, fecal incontinence quality of life scale
defaecation self-assessment, or continence score (9). Defecation
function, related to levels of IMA ligation resulting in different
blood supply to the anastomosis, is also related to other factors,
such as the denervated neorectum motility, rectal compliance,
anal sphincter, and anastomosis level. Although neither group
returned to preoperative IPSS levels, there was an improvement
in IPSS at nine months after low ligation compared to high
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ligation (20). Park (8) reported no difference in bowel and urinary
function between the two groups before surgery, three months
after surgery, and 12 months after surgery. Similarly, this
research revealed no significant statistical difference in LARS and
IPSS between high and low ligation in preoperative, six months
postoperative, and 12 months postoperative. The difference may
be related to autonomic nerve injury during IMA peripheral
lymph node dissection in our surgery.

The number of lymph nodes dissected during operation is
vital for operation assessment, guiding postoperative adjuvant
chemoradiotherapy and prognosis. Patients with lymph node
metastasis are more likely to have tumor recurrence and
experience a shorter survival time compared to those without
metastasis (35). Research revealed no evidence showing the
benefits of high-ligation in long-term prognosis, although it
could get more lymph nodes dissected (36). Many current
studies have suggested that there were no more lymph nodes
dissected by high-ligation, and still, no superiority was
demonstrated in long-term prognosis compared to low-
ligation (37-41). There were no statistical differences between
the total number of lymph nodes dissected and the number of
positive ones. Moreover, the 5-year OS and 5-year DFS
showed no evident differences between the two groups.

Several limitations remain in this study. First, this is a
retrospective study involving a small sample size from a single
institute, requiring larger-scale, multi-center, and randomized
controlled trials for further validation. Second, selection bias
might not be ignored. Finally, sexual functions, such as the
international index of erectile function (IIEF-5), and the female
sexual function index (FSFI), were not assessed in this study.

Conclusions

The ligation level of IMA has no significant effect on the
incidence of anastomotic leakage, defecation, urinary function,
or However, randomized

long-term  prognosis. larger

controlled trials are still required to further validate this result.
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Concomitant preoperative
airflow obstruction confers
worse prognosis after trans-
thoracic surgery for esophageal
cancer
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Shanghai, China, ?Shanghai Key Laboratory of Lung Inflammation and Injury, Shanghai, China,
SDepartment of Thoracic Surgery, Zhongshan Hospital, Fudan University, Shanghai, China

Background: Airflow obstruction is a critical element of chronic airway
diseases. This study aimed to evaluate the impact of preoperative airflow
obstruction on the prognosis of patients following surgery for esophageal
carcinoma.

Methods: A total of 821 esophageal cancer patients were included and
classified into two groups based on whether or not they had preoperative
airflow obstruction. Airflow obstruction was defined as a forced expiration
volume in the first second (FEV,)/forced vital capacity (FVC) ratio below the
lower limit of normal (LLN). A retrospective analysis of the impact of airflow
obstruction on the survival of patients with esophageal carcinoma
undergoing esophagectomy was performed.

Results: Patients with airflow obstruction (102/821, 12.4%) had lower three-
year overall (42/102, 58.8%) and progression-free survival rate (47/102,
53.9%) than those without airflow obstruction (P<0.001). Multivariate
analyses showed that airflow obstruction was an independent risk factor for
overall survival (Hazard Ratio=1.66; 95% CI: 1.17-2.35, P=0.004) and
disease progression (Hazard Ratio=151; 95% Cl: 1.1-2.08; P=0.01). A
subgroup analysis revealed that the above results were more significant in
male patients, BMI <23 kg/m? patients or late-stage cancer (stage IlI-IVA)
(P =0.001) patients and those undergoing open esophagectomy (P < 0.001).
Conclusion: Preoperative airflow obstruction defined by FEV,/FVC ratio below
LLN was an independent risk factor for mortality in esophageal cancer patients
after trans-thoracic esophagectomy. Comprehensive management of airflow
obstruction and more personalized surgical decision-making are necessary
to improve survival outcomes in esophageal cancer patients.

KEYWORDS

esophageal cancer, survival, airflow obstruction, lung function, decision-making

Abbreviations

EC, esophageal cancer; AFO, airflow obstruction; LLN, lower limit of normal; FEV;, forced expiration
volume in the first second; FVC, forced vital capacity; OS, overall survival; PFS, progression-free
survival; G, grade of tumor differentiation; pT, pathological T factor; pN, pathological N factor; BMI,
body mass index; MIE, minimally invasive esophagectomy.
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Introduction

Esophageal cancer (EC) is a highly aggressive malignancy
with an inferior prognosis of 5-year survival rate of about
20% over the past decade worldwide (1). The incidence and
healthcare burden of esophageal cancer in Eastern Asia were
higher than in the rest of the world over the past decades (2).
Though
esophageal cancer, it is associated with a high incidence of

esophagectomy is an essential treatment for
postoperative complications (3, 4), and overall outcomes are
still poor for late-stage esophageal cancer, especially in
squamous cell cancer (5, 6).

Lung function is a criterion for eligibility for radical
esophagectomy (7). Esophageal cancer patients undergoing
esophagectomy should have good or at least not poor lung
function, as many patients with severe chronic pulmonary
disease are unsuitable for thoracic surgery. It is widely accepted
that smoking is one of the relevant risk factors for esophageal
cancer and chronic obstructive airway disease (8). Previous
research demonstrated a high degree of overlap (7.1%-25%) of
operable esophageal cancer patients with chronic obstructive
pulmonary diseases (COPD) or asthma (9-11). Furthermore,
chronic airway obstruction is directly related to the morbidity
of

complications and anastomotic leaks (10, 11). However, studies

esophagectomy, particularly — concerning pulmonary
on the outcomes of patients with esophageal cancer and COPD
or asthma were limited to postoperative morbidity rather than
capacity
decreased the survival rate after radical esophagectomy for

survival status. Though preoperative low vital
cancer (12), the impact of preoperative airway obstruction on
long-term survival is unclear. Thus, an accurate assessment of
the risk of airway obstruction in esophageal cancer patients is
essential. We conducted this study to investigate the impact of
preoperative airway obstruction on survival outcomes in
with
esophagectomy. These findings shed light on patients’ long-

patients esophageal cancer after trans-thoracic

term airway management after esophageal cancer surgery.

Materials and methods
Population

This is a single-center, retrospective cohort study. From June
2012 to December 2015, 1,016 Chinese patients with esophageal
cancer admitted to Zhongshan Hospitals, Fudan University
(Shanghai, China), were evaluated and enrolled in the present
study. All patients underwent radical trans-thoracic esophagectomy
(Ivor-Lewis or McKeown procedure) with gastroesophageal
reconstruction. Forty-four patients lost to follow-up, 149 patients
without retrieved preoperative spirometry records, and two patients
with distant metastasis at the time of diagnosis (M1) were excluded
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from the sample (Figure 1). This study was approved by the Ethics
Committee of Zhongshan Hospital, Fudan University.

Data collection for baseline patients’
characteristics

Esophageal carcinoma and the stage were pathologically
determined.

Information about patient characteristics and short-term
postoperative complications before hospital discharge was
obtained from the patient’s medical records. Demographic
characteristics, clinicopathological features, pulmonary function,
and details of postoperative complications were collected and
summarized in Tables 1, 2.

Evaluation of preoperative pulmonary
function variables by spirometry

Spirometry was performed in Zhongshan hospital according to
the ATS standards (13). Airflow obstruction was defined as a forced
expiration volume in the first second (FEV1)/forced vital capacity
(FVC) ratio was below the lower fifth percentile of a large healthy
Chinese reference group (lower limit of normal, LLN) (14-16).
The lower limit of normal (LLN) of FEV1/FVC was calculated
with the formula in Supplementary Table S1. A website was
developed by our team for convenient calculation and diagnosis
of airflow  obstruction  (https://drpulmonary.shinyapps.io/
AOQOdiagnosistool/). Given that FEV1/FVC decreases with increased
age and most of the study population were over 50 years old, LLN
definition of airflow obstruction was used to minimize false positives.

Postoperative complications

Postoperative ~ complications,  including  pulmonary

complications (e.g., pneumonia, acute respiratory distress
syndrome, and aspiration), anastomotic leakage, surgical site
infection, cardiac complications, chyle leakage, thromboembolic
events, recurrent laryngeal nerve paresis, and other complications
were summarized. The severity of postoperative complications
was classified according to the Clavien-Dindo classification as
instructed by the International Consensus on Standardization of
Data Complications ~ Associated =~ With

Esophagectomy (17). Overall complications were defined as

Collection  for

grade IT and higher according to the Clavien-Dindo classification.

Follow-Up and definition of recurrence

In principle, patients were reviewed through in-clinic follow-
ups every three months in the first year and every six months

frontiersin.org


https://drpulmonary.shinyapps.io/AOdiagnosistool/
https://drpulmonary.shinyapps.io/AOdiagnosistool/
https://doi.org/10.3389/fsurg.2022.966340
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

Lang et al. 10.3389/fsurg.2022.966340
Patients who underwent
Esophagectomy for
Esophageal Cancer(n=1016) Excluded 195 patient:
1)who were lost to
»| follow-up(n=44).
2)whose preoperative
pulmoary function test
Patients analyzed record was unable to
(n=821) find.(n=149)
3)with distant metastasis
at time of diagnosis.(n=2)
\ 4
Non-AO group AO group
(n="719) (n=102)
FIGURE 1
Study profile. Schematic diagram showing the study profile. The AFO group included patients with an FEV;/FVC ratio below the LLN. AFO: airflow
obstruction.

after that for at least 3 years. Computed tomography of the neck,
chest, and abdomen was examined every six months. Disease
progression was defined as local recurrence of primary
esophageal cancer, distant metastasis, or death due to any cause.

Statistical analysis

All collected data were manually checked for completeness
and consistency, and the continuous variables were tested for
normality using the Shapiro-Wilk test. Normally distributed
variables were compared using the #-test, and non-normally
distributed ones were compared using the Mann-Whitney U
test between airflow obstruction and non-airflow obstruction
groups. Comparisons between the proportions were made using
the 2 test or Fisher’s exact test. Survival was calculated using
Kaplan-Meier survival curves and compared using the log-rank
test. P<0.05 was considered significant. Median follow-up time
was calculated using the reverse Kaplan-Meier method (18).
The Cox proportional hazards model was used for the
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univariate and multivariate analyses to identify independent
risk factors associated with survival. Risk-adjusted, restricted
cubic splines with 4 knots were used to model the possible
non-linearity of the association between BMI and the risk of
all-cause death (19, 20). The R Code for restricted cubic splines
analysis is available on the GitHub repository: https://github.
com/longerham/RCS#rcs. Data analysis was performed using
R Foundation Statistical software (R 3.2.2) with ggplot2, forest
plot, and survival packages (The R Foundation for Statistical
Computing, Vienna, Austria).

Results

Distribution of characteristics in the study
population

Among included 821 patients with esophageal cancer, 102

patients were with airflow obstruction (FEV1/FVC<LLN,
AFO group), and the remaining 719 patients were classified as
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TABLE 1 Baseline demographics, clinicopathological and spirometric characteristics of Non-AFO and AFO patients.

Total, n =821 Non-airflow obstruction, n =719 Airflow obstruction, n =102 p value
Age, year” 61.2 (38-84) 60.9 (38-84) 62.5 (44-77) 0.04*
Gender <0.001*
Male 626 (76.2) 525 (73) 91 (89.2)
Female 195 (23.8) 194 (27) 11 (10.8)
BMI, kg/m> 22.8 (14.8-34.5) 229 (14.8-34.5) 222 (15.6-30.5) 0.019*
Smoke 0.003*
Current or ever 355 (43.3) 297 (41.3) 58 (56.9)
Never 466 (56.7) 422 (58.7) 44 (43.1)
Pulmonary Function
FEV,/FVC 77.51 (45.39-99.08) 79.57 (67.33-99.08) 63.01 (45.39-69.7) <0.001*
FEV,, L 2.58 (0.97-4.53) 2.66 (1.08-4.53) 2.06 (0.97-3.64) <0.001*
FVG, L 3.34 (1.09-5.74) 3.35 (1.09-5.74) 3.26 (1.54-5.22) 0.26
%FVC 92.93 (27.81-132.36) 93.55 (27.81-145.9) 88.52 (51.2-132.3) <0.001*
DLCO', mL/min mHg7l 19.33 (1.42-32.67) 19.58 (2.83-35.72) 17.4 (1.42-32.67) 0.002*
%DLCO’ 91.51 (13.19-175/96) 92.93 (13.19-175.96) 80.95 (16.51-147.95) <0.001*
Neoadjuvant Chemotherapy 0.39
Yes 84 (10.2) 78 (10.6) 8 (7.8)
No 737 (89.8) 643 (89.4) 94 (92.2)
Approach 0.72
Open 432 (52.6) 380 (52.9) 52 (50.98)
MIE 389 (47.4) 339 (47.1) 50 (49.02)
pG 0.47
G3 280 (34.1) 242 (33.7) 38 (37.4)
G1-2 541 (65.9) 477 (66.3) 64 (62.6)
pT 020
TO-1 278 (33.9) 250 (34.8) 28 (27.5)
T2 206 (25.1) 178 (24.8) 28 (27.5)
T3-4 337 (41) 291 (40.4) 46 (45)
pN 035
NO 543 (66.1) 483 (67.2) 60 (58.9)
N1 174 (21.2) 146 (20.3) 28 (27.4)
N2-3 104 (12.7) 90 (12.5) 14 (13.7)
Histology 0.018*
SCC 768 (93.5) 667 (92.8) 101 (99.0)
Others 53 (6.5) 52 (7.2) 1 (1.0)
Tumor length (cm)” 3.19 (1-10) 3.18 (1-10) 3.25 (1-8) 0.61
Tumor location 0.76
Upper 73 (8.9) 62 (8.6) 11 (10.8)
Middle 486 (59.2) 426 (59.3) 60 (58.8)
Lower 262 (31.9) 231 (32.2) 31 (30.4)
PNI 0.39
Yes 129 (15.8) 110 (15.3) 19 (18.6)
No 691 (84.2) 608 (84.6) 83 (81.4)
LVSI 0.82
Yes 99 (12.1) 86 (12) 13 (12.7)
No 722 (87.9) 633 (88) 89 (87.3)

BMI, body mass index; FEV1/FVC, forced expiratory volume in 1s/vital capacity; FEV1, forced expiratory volume in 1s; FVC, forced vital capacity; %VC, %forced vital capacity;
DLCO, diffusing capacity; MIE, Minimally invasive esophagectomy; pT, pathological T factor; pN, pathological N factor; pStage, pathological Stage. SCC, Squamous cell

carcinoma; PN, perineural invasion; LVSI, lymph-vascular space invasion.

*p value < 0.05.

#Data are shown as median (range). All other data are shown as numbers (%) or mean (range).
Missing data. DLCO and % DLCO were missing for 3.3% (N = 27).
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TABLE 2 Operative outcomes among the study populations.

Airflow Obstrcution, n =102

10.3389/fsurg.2022.966340

Non-airflow Obstruction, n=719 Total, n=821 p value

Median hospital stay (days)”  Preoperative 3 (1-13)
Postoperative 13 (7-105)
Total 18 (9-108)

Overall complications (>Grade II) 50 (49)
Anastomotic leakage 28 (27.5)

Pulmonary complications 15 (14.7)
Lung metastasis 18 (17.65)

Mediastinal lymph node metastasis 10 (9.8)

3 (1-21) 3 (1-21) 0.42
12 (6-197) 12 (6-197) 0.11
16 (8-200) 16 (8-200) 0.18
287 (39.9) 337 (41) 0.08
105 (14.6) 133 (16.2) 0.001*
129 (17.9) 144 (17.5) 0.42
58 (8.1) 76 (8.9) <0.001%
95 (13.2) 105 (12.8) 0.34

*p value < 0.05.
#Data are shown as median (range). All other data are shown as numbers (%).

non-airflow obstruction (FEV,/FVC >LLN, non-AFO group)
patients. Table 1 showed that non-airflow obstruction patients
were younger than airflow obstruction patients (mean 60.9 vs.
62.5 years; P <0.001). Airflow obstruction was associated with
male (P<0.001), lower BMI (mean 22.2 vs. 22.9 kg/mz; P=
0.019), smoking history (P=0.003), and squamous cell
carcinoma (P=0.018) No significant differences in tumor
grades (G), pathological T factor (pT); pathological N factor
(pN),
invasion (LVSI), tumor length or tumor locations between

perineural invasion (PNI), lymph-vascular space
two groups were discovered. Table 1 also demonstrated the
differences in spirometric variables and operative procedures
between AFO and non-AFO groups. FEV,/FVC, FEV,, %VC
predicted, and DLCO variables

significantly lower than those in non-AFO group.

in AFO group were

Short-term outcomes in AFO and non-
AFO groups

Length of hospital stay and incidence of overall
complications, pulmonary complications, and anastomotic
leaks were given in Table 2. Airflow obstruction patients
showed significantly higher rate of anastomotic leakage than
non-airflow obstruction patients (27.5% vs. 14.6%; P <0.001).
However, there were no significant differences between the
groups in the length of hospital stay and rates of pulmonary
complications.

Impact of airflow obstruction on survival
of esophageal cancer patients

The median follow-up time was 54 months for all patients,
while the median follow-up time was 53.6 months (95% CI:
51.9-56.1) in non-AFO group and 55.9 months (95% CI:
52.2-59.1) in AFO group (P=0.61). The 3-year overall
survival (OS) rates were 75.5% and 58.82%, and 3-year
progression-free survival (PFS) rates were 67.5% and 53.92%
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in non-airflow obstruction and airflow obstruction groups,
respectively. The airflow obstruction patients’ OS and PES
rates were significantly worse than those of non-obstruction
patients (P<0.001 and P=0.002, respectively, Figure 2).
Table 3 presents a multivariate Cox regression analysis
performed on factors showing significance in the univariate
analysis (age, gender, smoking status, surgical approach, pT,
pN, G, PNI, LVSI, and anastomotic leakages). Airflow
obstruction turned out to be an independent risk factor for
OS (Hazard Ratio=1.66; 95%CI: 1.17-2.35, P=0.004) and
PFS (Hazard Ratio=1.51; 95% CL 1.1-2.08; P=0.01) in
esophageal cancer patients.

Subgroup survival analysis

Overall survival stratified by several covariates was analyzed.
When patients were male (P=0.003), with BMI <23 kg/m2
(P<0.001), with late-stage cancer (stage III-IVA) (P =0.002),
or undergoing open esophagectomy (P <0.001), the overall
survival was significantly shorter in AFO group compared
with non-AFO group. Other covariates showed no differences
in survival between the two groups (Figure 3).

Notably, the 3-year survival rate of airflow obstruction with
open surgical procedure or stage III-IVA was 44% and 31%,
respectively, which were much lower than those in any other
subgroups analyzed.

Impact of airflow obstruction with BMI <
23 kg/m? on survival of esophageal
cancer patients

Among all baseline variables, BMI was significantly lower in
the obstruction group than in non-airflow obstruction group
(22.2 vs. 229, P=0.019). We evaluated the comprehensive
impact of airflow obstruction and BMI on survival. A BMI of
23kg/m*> is used to distinguish whether a patient is
overweight. Patients with both BMI <23 kg/m* and airflow
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A Kaplan-Meier Curve for OS
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FIGURE 2
(B): progression-free survival curve). AFO: airflow obstruction

Kaplan-Meier survival curve of AFO and non-AFO groups in patients undergoing esophagectomy for esophageal cancers. (A): overall survival curve;

B Kaplan-Meier Curve for PFS

100 .
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obstruction showed inferior outcomes (3-year OS: 48%,
Figure 3), which was significantly worse than that of patients
in the other three groups (all P<0.05, Figure 4). However,
the BMI value was not related to the overall survival of the
entire study population (Table 3).

To further validate this finding, we performed a univariate
Cox regression analysis in AFO group (Supplementary
Table S2). Variables with P<0.05 in the univariate Cox
regression analysis were included in the multivariate Cox
proportional splines model to reflect the non-linear relation
between all-cause mortality and BMI as a continuous variable.
Hazard ratios of mortality decreased more as BMI increased
(Supplementary Figure S1B) in airflow obstruction patients,
compared with that in the whole population (Supplementary
Figure S1A).

Airflow obstruction promotes lung
metastasis in esophageal cancer patients

It was noteworthy that lung metastasis was associated with
airflow obstruction (Table 2, P=0.01). The evaluation of risk
factors for lung metastasis in esophageal cancer patients is
shown in Table 4. In multivariate Cox regression analysis,
associated with a

airflow obstruction was significantly
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increased probability (Hazard Ratio =2.22; 95% CIL: 1.31-3.78;
P=0.003) of lung metastasis from the primary tumor. The
risk for lung metastasis also significantly increased when the
pathological N factor was larger than 0 (Hazard Ration =1.73;
95% CI: 1.07-2.78; P =0.024).

Discussion

This is a single-center-based retrospective cohort study of
patients with esophageal cancer. And it is the first study on
the prognosis impact of preoperative airflow obstruction
defined as FEV/JFVC<LLN for esophageal cancer. Our
findings suggest that (i) airflow obstruction was observed in
12.4% of patients receiving esophageal cancer surgery, (ii)
preoperative airflow obstruction was an independent
prognostic factor for 3-year OS and PFS following trans-
thoracic esophagectomy. (iii) preoperative airflow obstruction
was an independent risk factor for pulmonary metastasis in
esophageal cancer.

The impact of airway obstruction on patients’ survival
should be

esophagectomy affects the activity of the chest wall and the

outcomes not surprising.  Trans-thoracic
lung. Meanwhile, the stomach moves upward and squeezes

into the lungs after esophagogastrostomy, resulting in limited
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TABLE 3 Cox proportional hazards regression models for predictors of overall survival (OS) and progression-free survival (PFS).

10.3389/fsurg.2022.966340

Characteristics No. Univariate analysis Multivariate analysis
HR (95% CI) p value HR (95% CI) p value

Overall survival
Airflow Obstruction 102 1.89 (1.35-2.64) <0.001* 1.66 (1.17-2.35) 0.004*
Age >70 (vs. <70) 83 1.5 (1.03-2.2) 0.035* 1.27 (0.86-1.88) 023
Male 626 2.33 (1.59-3.45) <0.001* 1.72 (1.12-2.63) 0.013*
BMI >23 (vs. <23) 402 1.12 (0.69-1.16) 0.39
Smoker 355 1.31 (1.01-1.7) 0.046* 1.06 (0.8-1.41) 0.69
MIE approach (vs. Open approach) 389 0.62 (0.47-0.81) <0.001* 0.69 (0.53-0.92) 0.011*
Complications 337 1.14 (0.88-1.49) 0.32
Anastomotic leakage 133 1.47 (1.07-2.03) 0.019* 1.34 (0.96-1.86) 0.09
Neoadjuvant chemotherapy 86 1.22 (0.81-1.83) 0.35
G3 (vs. G1-2) 280 1.78 (1.37-2.32) <0.001* 1.25 (0.95-1.65) 0.11
PNI 129 2.04 (1.51-2.77) <0.001* 1.1 (0.78-1.54) 0.59
LVSI 99 2.39 (1.74-3.3) <0.001* 1.62 (1.14-2.29) 0.007*
pT

TO-1 278 REF REF REF REF

T2 206 2.22 (1.45-3.41) <0.001* 1.5 (0.96-2.35) 0.077

T3-4 337 3.87 (2.67-5.61) <0.001* 2.21 (1.47-3.29) <0.001*
pN

NO 543 REF REF

N1 174 2.32 (1.69-3.19) <0.001* 1.77 (1.27-2.45) <0.001*

N2-3 104 4.62 (3.36-6.34) <0.001* 2.64 (1.86-3.76) <0.001*
Progression-free survival
Airflow Obstruction 102 1.62 (1.18-2.21) 0.003* 1.51 (1.1-2.08) 0.011*
Age >70 (vs. <70) 83 1.34 (0.94-1.9) 0.102
Male 626 1.78 (1.32-2.44) <0.001* 1.39 (1.01-1.92) 0.043*
Smoker 355 1.23 (0.98-1.55) 0.076
MIE approach (vs. Open approach) 389 0.66 (0.51-0.83) 0.001* 0.77 (0.60-0.98) 0.03*
Complications 337 1.14 (0.91-1.44) 0.26
Anastomotic leakage 133 1.35 (1.01-1.8) 0.045* 1.23 (0.91-1.66) 0.17
Neoadjuvant chemotherapy 86 1.19 (0.83-1.71) 0.36
G3 (vs. G1-2) 280 1.61 (1.27-2.03) <0.001* 111 (0.87-1.42) 041
PNI 129 1.95 (1.48-2.56) <0.001* 1.05 (0.78-1.42) 0.74
LVSI 99 1.95 (1.8-3.19) <0.001* 1.563 (1.2-2.22) 0.002*
pT

TO-1 278 REF REF

T2 206 1.96 (1.36-2.83) <0.001* 1.48 (1.02-2.17) 0.041*

T3-4 337 3.74 (2.73-5.12) <0.001* 2.43 (1.72-3.42) <0.001*
pN

NO 543 REF REF

N1 174 2.18 (1.65-2.87) <0.001* 1.67 (1.25-2.22) <0.001*

N2-3 104 4.05 (3.05-5.4) <0.001* 2.44 (1.78-3.35) <0.001*

HR, hazard ratio; Cl, confidence interval; MIE, minimally invasive esophagectomy; pT, pathological T factor; pN, pathological N factor; PNI, perineural invasion; LVSI,

lymph-vascular space invasion.
*P<0.05.
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Subgroup analysis forest plot for 3-year OS
® AFO @ Non-AFO

Characteristics _Number (%) Event ___ _____ ________ 3Y-0S (AFO)_ 3Y-0S (non-AFQ) _ P__
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FIGURE 3
Forest plot for subgroups analysis of overall survival.

pulmonary dilatation and accelerated lung function decline.
Patients with chronic airflow obstruction diseases (COPD and
asthma, for instance) may be more susceptible to anastomotic
leakages and infections, which detrimentally affect survival by
delaying recovery or leading to death (21, 22).

Subgroup analysis shed light on the most sensitive
population to airflow obstruction. Minimally invasive
esophagectomy (MIE) could reduce the response of the
organism, accelerate recovery and maintain postoperative
pulmonary function (23, 24). Patients with airflow obstruction
may particularly benefit from MIE. Moreover, airflow
obstruction worsened survival of stage III-IVA esophageal
cancer; but showed no difference in patients with stage 0-II
cancer. This is probably because late-stage cancer patients
have deteriorating disease manifestations and declining quality
of life (25, 26). The presence of airflow obstruction worsens
the cognitive and overall status at certain levels (27, 28),
playing an adjunctive role in the lethal effects of EC. But in
the early stages, the follow-up was relatively short, and most
of them did not experience the outcome event. The sex
difference might be because insufficient female patients led to
investigation bias.

A previous study demonstrated that patients with lower

BMI had a faster FEV,/FVC decline and more symptoms
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than patients with higher BMI (29). In line with these prior
results (30, 31), patients with airflow obstruction in our study
had lower BML It is noteworthy that patients with airflow
obstruction but BMI >23 kg/m” exhibited as good survival
outcomes as the non-airflow obstruction group, which
suggested higher BMI could be protective in esophageal
cancer patients complicated with airflow obstruction.
Therefore, we assume that BMI or overall nutrition status
could partly explain our findings on survival outcomes.
Another that

obstruction facilitated the lung spread of esophageal cancer.

interesting phenomenon was airway
This finding echoes the impact of smoking (32) since
smoking is highly correlated to airflow obstruction. The
“seed-and-soil hypothesis” partially explains this finding (33,
34). Airway obstruction usually coexists with the remodeling
of the airway epithelium and alterations of the distribution of
inflammatory cells, providing an ideal micro-environment
(soil) for tumor cells (seed) colonization and growth (35).
Therefore, our findings shed new light on the mechanism of
lung metastasis of esophageal cancer.

Unfortunately, in our study, only 25 (25/102, 24.5%) were
diagnosed with chronic obstructive airway diseases before the
esophagectomy. Almost all patients (95/102, 93.1%) were
without  sustained Although

lung-directed  therapy.
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Kaplan—-Meier Curve of OS
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FIGURE 4

Survival according to airflow obstruction and BMI with cut-off value 23 kg/m?. Patients with both airflow obstruction and BMI <23 showed
significantly poor OS (3-year OS; 48%). Survival outcomes of other three patients were essentially equivalent (3-year OS; 75%, 74.0%, 74%
respectively). Survival was analyzed by Kaplan—Meier method using the log-rank test. AFO: airflow obstruction. BMI:body mass index. *p value <
0.05, **p value < 0.01.

TABLE 4 Univariate and multivariate Cox proportional hazards regression analysis for the evaluation of risk factors for lung metastasis within 3 years
after esophagectomy.

Events Univariate HR (95% CI) P value Multivariate HR (95% CI) P value

Airflow Obstruction 18 240 (1.4-4) <0.001* 2.22 (1.31-3.78) 0.005*
Male 60 1.2 (0.67-2.08) 0.52
MIE approach (vs. Open approach) 31 0.77 (0.48-1.19) 0.23
G3 (vs. G1-2) 29 1.21 (0.75-1.9) 0.45
pT3-4 (vs. pT0-2) 41 1.7 (1.1-2.7) 0.02* 1.4 (0.86-2.3) 0.17
PN1-3 (vs. pNO) 38 2 (1.3-3.2) <0.001* 1.73 (1.07-2.78) 0.024*
PNI 17 1.61 (0.91-2.77) 0.09 1.19 (0.67-2.11) 0.54
LVSI 12 1.39 (0.77-2.56) 0.29
Anastomotic leakage 16 1.4 (0.8-2.4) 0.25
Pulmonary complications 17 1.4 (0.82-2.4) 0.22

HR, hazard ratio; Cl, confidence interval; MIE, minimally invasive esophagectomy; pT, pathological T factor; pN, pathological N factor; PNI, perineural invasion; LVSI,
lymph-vascular space invasion.
*P<0.05.
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undiagnosed airflow obstruction subjects appeared healthier
than those with a diagnosis, their prognosis was worse than
subjects without airflow obstruction'®. Our work suggests that
preoperative airflow obstruction and potential obstructive
airway diseases should be given more attention. Perioperative
and long-term airway intervention deserves further
investigation to improve survival outcomes.

There are some limitations to our study. First, the median
follow-up duration was 54 months in the whole study
population, while more extended follow-up periods may
provide detailed information on EC prognosis, especially in
stage O-II patients. Secondly, the sample size of patients
receiving neoadjuvant therapy was not enough. The interaction
between airflow obstruction and neoadjuvant treatment
remains to be demonstrated. Finally, 93.5% of patients in our
cohort were with esophageal squamous cell carcinoma, whose
BMI was generally lower than average (36). It remains unclear
whether our conclusions apply to western countries, where

adenocarcinoma is the primary pathological type.

Conclusion

Airflow obstruction is a common comorbidity in patients
with esophageal cancer. Patients with airflow obstruction had
more postoperative complications and shorter 3-year OS and
PFS after trans-thoracic surgery for esophageal cancer. BMI or
overall nutrition status could partly explain these effects. More
attention is needed to manage airflow obstruction in
esophageal cancer patients comprehensively. We should
incorporate the patient’s respiratory condition into the

surgical decision-making process to reach a better prognosis.
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Purpose: The development of human epidermal growth factor receptor 2 (HER2)-
directed therapies has revolutionized the treatment of HER2-positive breast
cancer. The aim of this article is to review the continually evolving treatment
strategies in the neoadjuvant setting of HER2-positive breast cancer, as well as the
current challenges and future perspectives.

Methods: Searches were undertaken on PubMed and Clinicaltrials.gov for relevant
publications and trials.

Findings: The current standard of care in high-risk HER2-positive breast cancer is
to combine chemotherapy with dual anti-HER2 therapy, for a synergistic anti-
tumor effect. We discuss the pivotal trials which led to the adoption of this
approach, as well as the benefit of these neoadjuvant strategies for guiding
appropriate adjuvant therapy. De-escalation strategies are currently being
investigated to avoid over treatment, and aim to safely reduce chemotherapy,
while optimizing HER2-targeted therapies. The development and validation of a
reliable biomarker is essential to enable these de-escalation strategies and
personalization of treatment. In addition, promising novel therapies are currently
being explored to further improve outcomes in HER2-positive breast cancer.

KEYWORDS

neoadjuvant therapy, breast cancer, HER2 (human epidermal growth factor 2), targeted
therapy, biomarker, antibody-drug-conjugates

Introduction

Human epidermal growth factor receptor 2 (HER2) is overexpressed and/or amplified in
15-20% of all breast cancers. Before the advent of HER2-directed therapies, this subtype was
associated with an aggressive clinical course and poor outcomes (1, 2). The introduction of
trastuzumab, the first humanized anti-HER2 monoclonal antibody, transformed the
treatment of HER2-positive breast cancer. The benefit of neoadjuvant breast cancer
treatment with chemotherapy, endocrine therapy and/or targeted therapy is well
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established to downstage disease, improve resectability and
potentially reduce the extent of breast and axillary surgery (3-5).
Specifically, in the HER2-positive subtype, additional benefits of
neoadjuvant systemic therapy have been appreciated. These include
the potential to individualize adjuvant therapy options based on
pathological response and to provide information about tumor
status in vivo, allowing for escalation or de-escalation of therapy, as
guided by response biomarkers. Thus, the current standard of care in
patients with high-risk HER2-positive breast cancer is a combination
of chemotherapy combined with dual anti-HER?2 therapy (6, 7). This
review will discuss the evolving standard of care in the neoadjuvant
setting of HER2-positive breast cancer, as well as the challenges and
future perspectives.

Review of neoadjuvant trials

Neoadjuvant therapy is the current standard of care for treating
>T2 or node-positive HER2-positive breast cancer. Pathological
complete response (pCR) is most commonly defined as the absence
of residual invasive cancer of the complete resected breast specimen
and all sampled regional lymph nodes following completion of
neoadjuvant systemic therapy (ypT0/Tis ypNO) (8). pCR at surgery
is correlated with favorable patient outcomes, particularly in HER2-
positive, hormone-receptor (HR)-negative breast cancer, as
demonstrated by the CTNeoBC pooled analysis. This meta-analysis,
performed by the FDA, included 11,955 patients across 12
neoadjuvant trials, with a minimum follow-up of 3 years, to
evaluate pCR as a surrogate endpoint for improved long-term
outcomes in breast cancer. Across all subgroups, pCR was
associated with improved event-free survival (EFS) (HR 0.48; 95%
CI 0.43-0.54) and overall survival (OS) (HR 0.36; 95% CI 0.31-0.42).
Three trials were included for HER2-positive breast cancer: NOAH,
TECHNO and GeparQuattro (9). Several additional meta-analyses
have since supported the value of pCR as an informative surrogate
biomarker for enhanced survival in HER2-positive breast cancer
(10-12).

Trastuzumab is a monoclonal antibody against HER2 that binds
to an extracellular domain of this receptor and prevents ligand-
independent HER2-mediated signaling (13). Following its success in
treating advanced and early-stage HER2-positive disease, multiple
neoadjuvant trials that combine chemotherapy with trastuzumab
have been performed. The NOAH trial, for example, reported that
the addition of trastuzumab to neoadjuvant chemotherapy had a
significant improvement on both pCR and EFS when compared to
chemotherapy alone (14). Similar improvements in pCR were seen
with the addition of trastuzumab to a chemotherapy backbone in the
TECHNO trial and GeparQuattro study (15, 16).

Pertuzumab binds to the extracellular domain IT of HER2, which
results in ligand-dependent HER2-HER3 dimerization (17). This
mechanism of action is complementary to that of trastuzumab. In
the NeoSphere trail, a pCR rate of approximately 45% was observed in
patients treated with pertuzumab plus trastuzumab and docetaxel,
compared to those who received only trastuzumab and docetaxel
(29%) (35). This combination of pertuzumab with trastuzumab and
docetaxel was also investigated in the CLEOPATRA trial, which
reported a significant overall survival benefit (56.5 months vs 40.8
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months) (18). Following these trials, dual HER2-blockade with
trastuzumab and pertuzumab in combination with standard
neoadjuvant chemotherapy became the standard of care (7, 19).

Lapatinib is a dual reversible tyrosine kinase inhibitor that
selectively targets and inhibits HER2 and epidermal growth factor
receptor (EGFR) (20). Lapatinib has demonstrated activity in HER2-
positive metastatic breast cancer that had progressed on trastuzumab-
containing therapy (21). In the Cher-LOB trial, patients treated with
lapatinib and trastuzumab plus chemotherapy showed a relative 80%
increase in pCR rate, compared to treatment with either trastuzumab
or lapatinib plus chemotherapy (22). Additionally, the CALGB 40601
trial showed improved 7-year relapse-free survival and OS (23).
Despite several studies showing improved pCR rates with the
addition of lapatinib to trastuzumab and chemotherapy in the
neoadjuvant setting, these long-term outcomes have not been
consistent across trials (24-27). The inconsistency of long-term
outcomes, along with the less favorable adverse event profile
associated with the addition of lapatinib, has prevented it from
becoming a currently recommended neoadjuvant treatment.

Both anthracycline and non-anthracycline-based chemotherapy
regimens are well established as neoadjuvant treatments of HER2-
positive breast cancer. Combination treatment with anthracyclines
and trastuzumab can have significant side effects in patients,
including febrile neutropenia and cardiotoxicity. Multiple trials
have explored the feasibility of treating these patients with
anthracycline-free regimes. The TRAIN-2 trial reported high pCR
rates after neoadjuvant chemotherapy with or without anthracyclines
plus dual-HER2 blockade. No significant difference was seen in either
pCR or patient outcomes between the two groups (28). In addition,
the TRYPHAENA trial showed similar efficacy for anthracycline-free
compared to anthracycline-containing regimens together with
standard anti-HER2 therapy. Cardiac safety was the primary
endpoint: left ventricular systolic dysfunction (LVSD) incidence was
low (5.6%) in the neoadjuvant setting in the anthracycline-containing
arm (29). Furthermore, the BERENICE trial demonstrated cardiac
safety in both dose-dense and standard anthracycline-containing
regimens in combination with trastuzumab and pertuzumab (30, 31).

Given the success of neoadjuvant systemic chemotherapy with
dual HER2-blockade, achieving pCR rates of up to 65% in some
studies (28, 29), the possibility of replacing chemotherapy with an
agent associated with less toxicity was explored. The phase III
KRISTINE study compared neoadjuvant trastuzumab emtansine
(T-DM1), an antibody-drug conjugate, plus pertuzumab, with
conventional systemic chemotherapy plus dual HER2-blockade. The
results showed that the proportion of patients who achieved pCR was
significantly greater in patients receiving traditional neoadjuvant
chemotherapy plus trastuzumab and pertuzumab than those who
received T-DM1 plus pertuzumab (56% vs 44%) (32). The results of
these neoadjuvant clinical trials are summarised in Table 1.

To prevent the potential of over-treatment in patients with low-
risk HER2-positive breast cancer, the APT trial was designed. This
study included patients with <3cm, node-negative, HER2-positive
tumors. This trial showed excellent outcomes with adjuvant paclitaxel
for 12 weeks plus 12 months of trastuzumab, with a 3-year IDFS of
98.7% and 7-year IDFS of 93% (41). Thus, primary surgery combined
with adjuvant therapy should be offered to these patients, providing
an effective de-escalated treatment regime.
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TABLE 1 Neoadjuvant Trials in HER2-positive breast cancer.

Trial Phase Treatment Treatment arms Survival N pCR rate
Trastuzumab
NOAH (14) 111 Trastuzumab DTCMF + H EFS (3y) 71% 117 38%

0S (3y) 87%

DTCMF EFS (3y) 56% 118 19%
0S (3y) 79%

GeparQuattro (15) 111 Trastuzumab H + EC — H + Dc 146 33%
H + EC — H + DcCp 47 31%

H+EC — H+Dc— H+Cp 136 35%

TECHNO (16) 11 Trastuzumab EC — HT DEFS (3y) 77.9% 217 39%

OS (3y) 89.4%

Trastuzumab + Lapatinib

NeoALTTO (24) 111 Lapatinib + Trastuzumab LH — HT EFS (6y) 74% 68 47%
OS (6y) 85%
H— HT EFS (6y) 67% 40 28%
0S (6y) 82%
L — HT EFS (6y) 67% 30 20%
0S (6y) 79%
CHER-LOB (22) 11 Lapatinib + Trastuzumab LH — TFEC + LH RFS (5y) 86% 46 47%
H — TFEC + H RES (5y) 78% 36 25%
L — TFEC + L RES (5y) 77% 38 26%
CALGB 40601 (23) 111 Lapatinib + Trastuzumab THL RES (7y) 93% 118 57%

0S (7y) 96%

TH RFS (7y) 79% 120 45%
0S (7y) 88%

TL RES (7y) 69% 67 30%
0S (7y) 84%

NSABP B-41 (33) 111 Trastuzumab + Lapatinib DC+H—T+H DEFS (5y) 84.3% 177 49.4%
0S (5y) 94.5%

DC+L—T+H DFS (5y) 78.6% 159 47.4%
0S (5y) 89.4%

DC+LH — T+H DFS (5y) 90% 165 60.2%
0S (5y) 95.7%

Lapatinib

GeparQuinto (34) 11 Lapatinib ECH — Dc + H DEFS (3y) 84.8% 307 30.3%
0S (3y) 91.7%

ECL — Dc+ L DFS (3y) 83.7% 308 22.7%
0S (3y) 93.6%

Trastuzumab + Pertuzumab

NeoSphere (35) 11 Pertuzumab + Trastuzumab H + Dc PES (5y) 81% 107 29%
DFS (5y) 81%

HP + Dc PFS (5y) 86% 107 46%
DES (5y) 84%

HP PES (5y) 73% 107 17%
DES (5y) 80%

P + Dc PFS (5y) 73% % 24%
DFS (5y) 75%

(Continued)
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TABLE 1 Continued
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Trial Phase Treatment Treatment arms Survival N PCR rate
TRYPHAENA (29) 11 Pertuzumab + Trastuzumab FEC + HP — Dc + HP DFS (3y) 87% 73 62%
PES (3y) 89%
0S (3y) 94%
FEC — Dc + HP DFS (3y) 88% 75 57%
PES (3y) 89%
0S (3y) 94%
Dc + Cb + HP DES (3y) 90% 77 66%
PFS (3y) 87%
OS (3y) 93%
GeparSepto (36) 111 Pertuzumab + Trastuzumab T + HP — EC + HP iDFS (4y) 89% 199 54%
Nab-T + HP — EC + HP 197 62%
ADAPT HER2+/HR- (37) 11 Pertuzumab + Trastuzumab HP iDFS (5y) 87% 92 34%
OS (5y) 94%
HP+T iDFS (5y) 98% 42 90%
0S (5y) 98%
BERENICE (30, 38) 11 Pertuzumab + Trastuzumab ddD+C— T+ HP EFS (5y) 91% 199 62%
0S (5y) 96%
FEC — Dc + HP EES (5y) 89% 201 61%
0S (5y) 94%
TRAIN-2 (28) 111 Pertuzumab + Trastuzumab FEC (x3) — TCb + HP (x6) EFS (3y) 93% 211 67%
OS (3y) 98%
TCb + HP (x9) EFS (3y) 94% 206 68%
0S (3y) 98%
PHERGain (39) I Pertuzumab + Trastuzumab DcCb + HP 71 58%
HP 285 35%
PREDIX HER2 (40) I Pertuzumab + Trastuzumab Dc + HP 99 46%
T-DM1 + Pertuzumab
KRISTINE (32) 1 T-DM1 + Pertuzumab T-DM1 + P EES (3y) 85% 223 44%
iDFS (3y) 93%
DcCb + HP EFS (3y) 94% 221 56%
iDFS (3y) 92%

H- trastuzumab; P- pertuzumab; T- paclitaxel; D- doxorubicin; C- cyclophosphamide; M- methotrexate; F- fluorouracil; L- lapatinib; E- epirubicin; Dc- docetaxel; Cp- capecitabine; Cb- carboplatin,

Nab-T- nab-paclitaxel; dd- dose dense; T-DM1- trastuzumab emtansine.

Adjuvant therapy in the context of
neoadjuvant strategy/according to
pCR status

Following completion of neoadjuvant therapy, subsequent
adjuvant therapies can be guided by pCR status after surgery.

In patients who achieve pCR, current guidelines recommend
continuing trastuzumab to complete a total of 12 months of anti-
HER?2 therapy (6, 42). Patients with initially node-positive disease
should also continue pertuzumab for the remainder of the year, based
on the findings of the adjuvant APHINITY trial. This trial concluded
that the addition of pertuzumab in the adjuvant setting may
significantly improve invasive disease-free survival in patients with
node-positive disease (43). However, no statistically significant
difference was seen in OS after a median follow-up of 8.4 years (44).

In patients who do not achieve pCR, adjuvant therapy with T-
DMI1 should be offered instead of trastuzumab monotherapy. This
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recommendation is based on the results from the KATHERINE trial.
In this phase III trial, patients with residual invasive tumors after
neoadjuvant therapy were randomly assigned to received either
adjuvant T-DM1 or trastuzumab for 14 cycles. Treatment with T-
DM1 significantly improved invasive disease-free-survival (iDFS)
compared to treatment with trastuzumab (88.3% vs. 77.0%,
respectively, HR 0.50, 95% CI, 0.39-0.64; p < 0.001) (45).

Adjuvant treatment with T-DMI in stage I HER2-positive breast
cancer was investigated in the ATEMPT trial. This trial aimed to
establish if adjuvant T-DM1 would be associated with less toxicity
than paclitaxel plus trastuzumab without compromising invasive
disease-free-survival (iDFS). Although one year of T-DMI had a 3-
year iDFS of 97.8%, T-DM1 failed to demonstrate reduced toxicity
compared to paclitaxel and trastuzumab (46).

The KAITLIN study was another trial which aimed to replace
taxanes and trastuzumab with T-DM1. In this trial, patients with
node-positive or high-risk node-negative (HR negative and tumor
size >2cm) HER2-positive breast cancer were randomly assigned to
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anthracycline chemotherapy followed by trastuzumab and a taxane
plus pertuzumab or anthracycline chemotherapy followed by T-DM1
plus pertuzumab. The results showed no significant difference in 3-
year iDFS rate between the two arms of the study (47).

Duration of anti-HER2 therapy

The current standard of care is to complete 12 months of anti-
HER?2 therapy. The benefit of this therapy was demonstrated in the
crucial HERA, NCCTG N9831, NSABP B-31 and BCIRG-006 trials. It
was shown that adjuvant trastuzumab with standard chemotherapy
reduced the relative risk of death by up to 30% and the relative risk of
recurrence by up to 40% (48-52).

The HERA trial demonstrated that a longer duration of the same
anti-HER2 therapy did not improve efficacy, in which two years was
compared to one year of trastuzumab treatment. In those who
received two years of therapy, no additional benefit in disease free
survival (DFS) was seen and associated with a higher rate of
cardiotoxicity (48).

Given the effectiveness of anti-HER2 therapy, multiple trials were
designed to evaluate the efficacy of reduced duration of treatment.

The PHARE, HORG and PERSEPHONE trials compared 6
months to 12 months of trastuzumab treatment (53-55).
PERSEPHONE is the only trial to date to have reached its non-
inferiority endpoint. In this trial of 4089 patients, after a median
follow-up of 5.4 years, those assigned to 6 months of trastuzumab
therapy experienced non-inferior 4-year DFS rates compared to those
receiving 12 months (89.4 versus 89.8 percent, respectively; HR 1.07,
95% CI 0.93-1.24), with less cardiotoxicity leading to discontinuation
of trastuzumab (55).

A shortened course of 9-weeks of trastuzumab therapy was
evaluated in the SOLD and ShortHER trials. These trials failed to
reach the non-inferiority endpoint for DFS (56, 57). Despite being
unable to claim non-inferiority, recently presented follow-up data of
the ShortHER trial confirmed favorable long-term outcomes in terms
of OS and DFS with a 9 week course of trastuzumab (58). The results
of these trials are summarised in Table 2.

A patient-level meta-analysis of 5 trials investigating shorter
adjuvant trastuzumab treatment found that 6 months of treatment
with trastuzumab is non-inferior to 12 months, but 9 weeks is
not (59).

Escalation of adjuvant anti-HER2 therapy has also been evaluated
in patients with higher-risk disease. As previously discussed, the
APHINITY trial showed that patients with HER2-positive, node-

TABLE 2 Trials investigating the duration of anti-HER2 therapy.
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positive disease benefited from the addition of pertuzumab to
trastuzumab in the adjuvant setting (3-year iDFS of 92% vs 90.2%,
HR 0.77; 95% CI, 0.62 to 0.96; P=0.02) (43). Extended adjuvant
therapy with neratinib, a tyrosine kinase inhibitor, after trastuzumab
therapy was investigated in the phase 3 ExteNet trial. This trial
showed a benefit in 5-year iDFS of 90.2% in patients receiving
neratinib, compared with 87.7% of those receiving the placebo (HR
0.73, 95% CI 0.57-0.92). Subgroup analysis revealed that in patients
with HR-positive cancer a benefit of 5.1% in iDFS (HR 0.58, 95% CI
0.41-0.82) was shown. However, as patients in the ExteNET trial had
neither received pertuzumab nor T-DMI, the actual benefit after
current adjuvant and post-neoadjuvant targeted therapy could be
smaller (60). Nevertheless, neratinib could offer an additional
treatment option in patients with HR-positive disease.

De-escalation strategies

The possibility of further therapy de-escalation in low-risk disease
is currently being investigated in multiple clinical trials.

The WSG ADAPT HER+/HR- trial explored the feasibility of de-
escalated neoadjuvant therapy in 134 patients with HER2-positive,
HR-negative disease. In this trial, patients were randomly assigned to
receive trastuzumab plus pertuzumab, either with or without
paclitaxel. Remarkably high pCR rates (90.5%) were reported in the
de-escalated chemotherapy arm after 12 weeks of paclitaxel plus dual
HER2 blockade. Adjuvant therapy was given as per national
guidelines. Interestingly, adjuvant chemotherapy could be omitted
in patients achieving pCR at the physician’s discretion, and 79% of
patients who achieved pCR in the paclitaxel arm received no further
chemotherapy (61). In May 2022, survival outcomes from the trial
were published. Notably, patients who achieved pCR had a 5-year
iDFS rate of 98%, regardless of whether they received neoadjuvant
paclitaxel or were in the chemotherapy-free arm (37). While this trial
is not powered to prove non-inferiority of a chemotherapy-sparing
approach, these results pave the way for larger randomized control
trials designed to specifically investigate whether the omission of
chemotherapy may be feasible in carefully pre-selected patients.

The trial of patients with HR-positive disease, ADAPT-TP HER2
+/HR+, found that patients given neoadjuvant T-DMI alone or with
endocrine therapy were significantly more likely to achieve pCR than
those given trastuzumab with endocrine therapy (41%/41.5% vs
15.1%, p<0.001). Survival data from ADAPT-TP revealed that
patients who achieved pCR had similar 5-year DFS rates, regardless
of whether they received chemotherapy (92.1% (95%-CI: 78-97%)

Cardiac events

Efficacy versus 1-year trastuzumab

Phase Duration of trastuzumab
HERA (48) 111 2 years
PHARE (53) 111 6 months
HORG (54) 111 6 months
PERSEPHONE (55) 111 6 months
SOLD (56) 111 9 weeks
ShortHER (58) 111 9 weeks
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5099 DES (10y) 70% vs 72% 7.3% vs 4.4%
3380 DFS (3y) 87.7% vs 90.7% 1.9% vs 5.7%
481 DFS (3y) 93.3% vs 95.7% 0.8% vs 0%
4088 DFS (4y) 89.4% vs 89.8% 8% vs 11%
2174 DFS (5y) 88% vs 90.5% 2% vs 4%
1253 DES (5y) 85% vs 88% 4.3% vs 13.1%
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with adjuvant chemotherapy vs 93% (84-97%) without adjuvant
chemotherapy) (62).

As a result of these trials, further de-escalation trials were
designed to prevent over-treatment. The CompassHER2-pCR and
DESCRESCENDO trials are ongoing and aim to individualize
adjuvant therapy based on pCR status after a de-escalated
neoadjuvant course of 12 weeks paclitaxel with trastuzumab plus
pertuzumab (63, 64). ATEMPT 2.0 is a phase 2 trial comparing
adjuvant T-DMI1 followed by trastuzumab to paclitaxel and
trastuzumab, followed by trastuzumab alone. It aims to evaluate
where the T-DM1 arm will have less toxicity and improved
outcomes (65).

Furthermore, the omission of surgery is currently being
investigated in low-risk HER2-positive early breast cancer patients
who achieve a complete response to neoadjuvant therapy. In the
ELPIS trial, if a complete response of the tumor is reported on the
post-neoadjuvant therapy breast MRI, a vacuum-assisted breast
biopsy (VAC) is performed. If on VAC no invasive or in situ
disease is found, patients will be eligible to omit loco-regional
surgery. They will instead proceed to have whole breast
radiotherapy and complete 1 year of trastuzumab and
pertuzumab (66).

Biomarkers

The next challenge to enable further individualization of
neoadjuvant treatment in HER2-positive breast cancer is the
development of a robust biomarker to predict pCR. This would
allow for the adjustment of neoadjuvant therapy by identifying
patients with an increased likelihood of achieving pCR based on
favorable predictive biomarkers, and identifying patients with an
exceptional response to neoadjuvant therapy, who may be
candidates for the omission of surgery altogether. To date, no
biomarker has been validated and current recommendations are
that biomarkers should not be used for monitoring patients
receiving neoadjuvant therapy (67). Further research is ongoing to
develop and validate potential biomarkers.

HER2-enriched intrinsic subtype, a tissue-based biomarker, has
been linked with high pCR rates following neoadjuvant therapy (68).
Retrospective analyses of the NOAH (69), NeoALTTO (70),
CALGB40601 (71) and CHER-LOB (72) trials reported the HER2-
enriched subtype to have an increased likelihood of achieving pCR
with neoadjuvant chemotherapy and anti-HER2 therapy compared to
other subtypes. A combined analysis of the PAMELA and
TBCRC006/023 trials demonstrated that combining HER2-enriched
subtype and ERBB2 mRNA levels has better sensitivity than each
variable alone in predicting pCR in chemotherapy-sparing
regimens (73).

Several studies have investigated tumor-infiltrating lymphocytes
(TILs) as another potential biomarker for the prediction of pCR
following neoadjuvant therapy in HER2-positive breast cancer. One
meta-analysis reported that, regardless of the anti-HER2 agents and
chemotherapy used, higher baseline TILs were associated with
increased likelihood of achieving pCR (74). The PAMELA trial
investigated the association between TILs and pCR in patients
treated with trastuzumab and lapatinib. This study found that the

Frontiers in Oncology

10.3389/fonc.2023.1066007

presence of on-treatment TILs in HER2-positive breast cancer,
measured on day 15 of treatment, was significantly associated with
pCR (75). Further studies are needed to validate TILs as an accurate
biomarker before it can be considered for use in clinical practice.

A pooled analysis of five prospective trials reported that PIK3CA
mutant tumors significantly decreased pCR rates in HER2-positive
breast cancer, particularly in HR-positive tumors (76). However,
biomarker analysis of the NeoSphere study reported a non-
significant decrease in pCR in patients with mutated PIK3CA (77).
Therefore, PIK3CA warrants further investigation before it can be
considered a potential biomarker for predicting pCR in these patients.

Blood-based biomarkers, such as circulating tumor cells (CTCs)
and circulating tumor DNA (ctDNA), have also been investigated as
potential predictors of pCR. One meta-analysis reported that
detection of CTCs before starting neoadjuvant therapy for breast
cancer was associated with a slightly lower rate of pCR (78), however,
further evidence is needed to validate this. A sub-study of the
NeoALTTO trial found that ctDNA detection before neoadjuvant
anti-HER2 therapy was associated with decreased pCR rates (79).
ctDNA detection after completion of neoadjuvant therapy has also
been shown to be associated with residual disease (80-82).

Lastly, imaging-based biomarkers are also being explored as
predictors of response to treatment. The use of fluorodeoxyglucose
positron emission tomography (FDG-PET) as a biomarker was
evaluated in the NeoALTTO (83), PHERGain (39) and TBCRC026
(84) trials. These studies suggest that these imaging strategies could
facilitate further tailoring of therapy, although such strategies will
require additional clinical investigation.

Future perspectives

With substantially improved outcomes associated with the
development of HER2-targeted therapies in recent years, several
novel HER2-directed agents are currently being investigated in
clinical trials, with promising results.

Trastuzumab deruxtecan

Trastuzumab deruxtecan (T-DXd) is an antibody-drug conjugate,
which is composed of a monoclonal antibody targeting HER2, a
cleavable tetrapeptide-based linker and a topoisomerase I inhibitor
(85). It has a significantly higher drug-to-antibody ratio than other
antibody-drug conjugates, however the stability of the linker seems to
allow for high efficacy without significant side effects. The cytotoxic
payload, deruxtecan, is cell membrane permeable, giving the drug its
bystander-killing effect (86).

T-DXd has shown promising results in HER2-positive breast
cancer patients in the metastatic setting. In the DESTINY-Breast 01
trial, T-DXd showed a substantial benefit in patients with HER2-
positive metastatic breast cancer who had previously received
treatment with T-DM1 (87). Significantly improved overall
response rate (ORR) and progression-free survival (PFS) was
reported with T-DXd compared to T-DM1 in HER2-positive
metastatic breast cancer treated with trastuzumab and a taxane in
the DESTINY-Breast 03 trial (88). More recently, in the DESTINY-
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Breast 04 trial involving patients with HER2-low metastatic breast
cancer, treatment with T-DXd resulted in significantly longer PFS and
OS than the physician’s choice of chemotherapy (89).

Given the promising results of T-DXd in HER2-positive breast
cancer in the metastatic setting, adjuvant and neoadjuvant T-DXd is
currently under investigation. The ongoing DESTINY-Breast 05 trial
is investigating T-DXd in high-risk HER2-positive disease with
residual invasive breast cancer following neo-adjuvant therapy,
compared to T-DM1 (90). Neoadjuvant T-DXd is also being
evaluated in locally advanced or inflammatory HER2-positive breast
cancer patients in the ongoing DESTINY-Breast 11 trial. This trial
will compare T-DXd, alone or followed by docetaxel, trastuzumab
and pertuzumab, to the current standard of care regimen (ddAC-
THP) (91). The SHAMROCK study is another trial of neoadjuvant T-
DXd in early stage HER2-positive breast cancer, which incorporates
therapy escalation and de-escalation strategies using an on-treatment
biopsy and imaging (92).

Other novel agents

Tucatinib, a potent and selective tyrosine kinase inhibitor of
HER2, is another promising agent. Tucatinib was added to
trastuzumab and capecitabine in the HER2CLIMB study, resulting
in improved PFS and OS in heavily pre-treated metastatic HER2-
positive breast cancer (93). These results led to the design of the
HER2CLIMB-05 trial, which will investigate the addition of tucatinib
to standard of care maintenance in the first line setting for patients
with HER2-positive metastatic breast cancer (94). Adjuvant tucatinib,
in combination with T-DMI, is currently being evaluated in patients
with residual disease following neo-adjuvant therapy in the
COMPASS HER2 RD trial (95).

Several immune checkpoint inhibitors have been investigated in
combination with HER2-directed therapies in patients with
metastatic disease. Subgroup analyses from the PANACEA trial,
which investigated treatment with pembrolizumab and trastuzumab
in patients who had progressed on trastuzumab, showed that higher
response rates were seen in PD-L1 positive tumors (96). Similarly, the
KATE2 trial observed favorable PFS with atezolizumab in the
subgroup of patients with PD-L1 positive tumors (97).
Atezolizumab, a PD-LI inhibitor, is being evaluated in the adjuvant
setting in combination with T-DMI in patients with residual disease
after neoadjuvant therapy (98). Recently, neoadjuvant atezolizumab
was investigated with docetaxel, trastuzumab and pertuzumab in
HER2-positive early breast cancer and reported an acceptable pCR
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rate and modest toxic effects (99). Further trials on neoadjuvant
immunotherapy in early HER2-positive breast cancer underway, such
as NeoHIP (100) and APTneo (101) studies are underway.

Conclusion

The introduction of HER2-directed therapies perioperatively has
revolutionized the treatment of patients with HER2-positive early
breast cancer. Neoadjuvant chemotherapy in combination with
trastuzumab and pertuzumab has led to increased pCR rates, which
in turn has significantly improved outcomes in these patients.
Pathological response status provides an important guide for the
appropriate adjuvant systemic therapy. De-escalation strategies are
currently being investigated to avoid over treatment, and aim to safely
reduce chemotherapy, while optimizing HER2-targeted therapies.
The development and validation of a reliable biomarker is essential
to enable these de-escalation strategies and personalization of
treatment. In addition, promising novel therapies are currently
being explored to further improve outcomes in HER2-positive
breast cancer.
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Application of Clavien—Dindo
classfication-grade in evaluating
overall efficacy of laparoscopic
pancreaticoduodenectomy

Xiangyang Song, Yu Ma, Hongyun Shi and Yahui Liu*

Department of Hepatobiliary and Pancreatic Surgery, General Surgery Center, The First Hospital of Jilin
University, Changchun, China

Background: The Clavien-Dindo classification (CDC) has been widely accepted
and applied in clinical practice. We investigated its effectiveness in prediction of
major complications (LPPC) after laparoscopic pancreaticoduodenectomy (LPD)
and associated risk factors.

Methods: A retrospective analysis was conducted covering clinical data of 793
patients undergoing LPD from April 2015 to November 2021. CDC was utilized
to grade postoperative complications and analyze the differences. Risk factors of
LPPC were identified according to univariate and multivariate analyses.

Resluts: For the 793 patients undergoing laparoscopic pancreaticoduodenectomy
in the northeast of China, LPPC was reported in 260 (32.8%) patients, pancreatic
fistula in 169 (21.3%), biliary fistula in 44 (5.5%), delayed gastric emptying in 17
(2.1%), post pancreatectomy hemorrhage in 55 (6.9%), intestinal fistula in 7
(0.8%), abdominal infections in 59 (7.4%) and pulmonary complication in 28
(3.5%). All complications were classified into five levels with the C-D
classification (Grade 1-V), with 83 (31.9%) patients as grade I, 91 (35.0%) as grade
I, 38 (14.6%) as grade llla, 24 (9.2%) as grade lllb, 9 (3.5%) as grade IV and 15
(5.8%) as grade V. 86 (10.8%) patients experienced major complications (grade
[l1-V).The results of univariate and multivariate analysis revealed the independent
risk factors for laparoscopic pancreaticoduodenectomy complications to be
preoperative total bilirubin (P=0.029, OR =1523), soft pancreas texture (P<
0.001, OR =1.399), male (P=0.038, OR=1.396) and intraoperative transfusion
(P=0.033, OR =1517). Preoperative total bilirubin (P=0.036, OR =1.906) and
intraoperative  transfusions (P=0.004, OR=2123) were independently
associated with major postoperative complications. The influence of
different bilirubin levels on C-D grade of complications was statistically
significant (P =0.036, OR =1.906).

Conclusions: The Clavien—Dindo classification (CDC) may serve as a valid tool to
predict major postoperative complications and contribute to perioperative
management and comparison of surgical techniques in different medical centers.

KEYWORDS

Clavien—Dindo classification, complications, surgery, laparscope, pancreaticoduodenectomy

Introduction

Pancreaticoduodenectomy (PD), as a preferred treatment for malignant diseases of the
head of pancreas, distal bile duct and periampullary. In contrast, greater advantages have
been reported of laparoscopic surgery over PD (1-3). Despite the significant modifications
in medical technology, the complication rates are still reported to be around 50% (4-7) in
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high volume centers, which has prolonged hospital stays, bringing
mental burden to patients and aggravate health care costs. Hence,
the overall evaluation of surgical complications has absorbed great
concern in recent years.

Over the past decade, there have appeared various definitions
of postoperative complication. For instance, the international
study group of pancreatic surgery (ISGPS) reported a definition
of post pancreatectomy hemorrhage (PPH) (8) and postoperative
pancreatic fistula(POPF) (9). Charles J (10) defined the delayed
gastric emptying (DGE) which requires postoperative nasogastric
tube decompression for over 10 days. However, these definitions
are only rooted in a single system, without the available
established criteria to standardize surgical complications. The
lack of a uniform criterion involving all systemic complications
impedes effective comparison of surgical outcomes and levels of
practice across medical bases, resulting in inaccurate recording of
major complications incidence.

In terms of the categorization of postoperative complications of
LPD, ISGPS has introduced a series of definitions, which have
received wide adoption and favor from domestic and
international surgical groups. However, these definitions are
limited to only a specific class of PPC, covering PPH, POPF and
DGE, and show the unique gas assessment criteria for a specific
complication, which requires the assessment and exploration on
the relevant risk factors only for a specific class of complication,
while inefficient for the synergy and risk factors among these
different classifications of complications. Secondly, a simple,
reproducible evaluation that works for all types of postoperative
complications is required considering the increasing health care
need and medical costs, the limited resources, and variation in
clinical perioperative data, so as to achieve the long-term
comparisons between medical centers, between surgical
modalities, and within the same center. The C-D grading system
developed by Clavien et al. provides such a new approach. Dindo
(1)

complication management in 2004, which has been widely

proposed an modified grading system referring to
adopted by surgeons around the world. The Japan Clinical
Oncology Group (12) set up a committee and detailed the
grading criteria based on the rules of CDC. Laura (13) utilized
CDC to explore the impact of complications following minimally
Dong-Kyu (14) also
evaluated complications after small bowel resection depending on
CDC. While limited was known about the application of CDC to
LPD. The objective of this study is to identify risk factors for
LPPC and to determine their association with CDC through a

retrospective analysis of the largest LPD volume center in

invasive esophagectomy on survival

northeast China. By evaluating the overall postoperative efficacy
of LPD, we hoped to make a contribution to a personalized
management of patients undergoing LPD.

Patients and methods
All patients who underwent LPD at the First Affiliated Hospital

of Jilin University from April 2015 to November 2021 were
involved in this study, which was approved by the hospital. A
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prospective electronic database was maintained to provide all the
data, containing all of the patients’ outpatient and inpatient
information, covering preoperative laboratory parameters (serum
total bilirubin), preoperative biliary drainage, common disease

diabetes,
surgical

(hypertension, hepatitis), characteristics,

factors,

patients
preoperative outcomes and postoperative
treatment. Considering the varying views of different surgeons on
the indications for surgery, the serum albumin and hemoglobin
were maintained above 35 g/L and 100 g/L, respectively, before
surgery here. Therefore, these two variables were excluded from
the study. The patient had signed an informed consent for the
data to be used in the clinical study. The information will be
maintained strictly confidential. The study was approved by the
First Affiliated Hospital of Jilin University and all methods were
performed in accordance with the relevant guidelines and
regulations.

Patients with these identifications were not included in the
model. First, preoperative enhanced computerized tomography
(CT) or magnetic resonance imaging (MRI) indicate distant
metastasis of malignant cells. Second, intraoperative tumors
invade arteries, veins and surrounding vital organs, or extensive
abdominal metastasis fails to be completely resected. Third, due
to bleeding or severe tissue adhesion, intraoperative tumors are

difficult to operate and switch to open.

Surgery

All procedures following the standard of classical Whipple
surgery were performed by four experienced surgeons through
minimally invasive laparoscopy. Removed organs referred to the
gastric pylorus, distal antrum of the stomach, duodenum,
cholecyst, distal common bile duct, proximal jejunum and head
of pancreas. The gastric antrum and neck of the pancreas were
disconnected by endovascular gastrointestinal anastomosis
stapler, without performing enlarged lymph node dissection.
Digestive tract reconstruction was performed by Child method.
Pancreatoenteric was performed by means of pancreatic duct
anastomosis to jejunum mucosa. The remaining pancreas was
routinely placed with a supportive tube to ensure the smooth
drainage of pancreatic fluid. Abdominal drainage tubes were
indwelled in front and rear of pancreaticoenteric anastomosis
and around bilioenteric anastomosis. All patients received
cefoperazone shock therapy before surgery, routine prophylactic
therapy with antibiotics (Cefoperazone 1g, BID, intravenous
drip) and somatostatin (Stilamin 6 mg, QD, intravenous drip)

after surgery, given hemostatic drugs to prevent bleeding.

Complications

Case records were reviewed for each enrolled patient to identify
complications, including PPH, POPF, DGE, biliary fistula,
abdominal infections, pulmonary complication, and intestinal
fistula. PPH,POPF,DGE and biliary fistula were defined in ISGPS
standards (8, 9, 15, 16). All complications were graded (grade I-V)
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per Clavien-Dindo classification. Major complications were defined
as severely greater than or equal to grade III. Mortality was defined
as death within 30 days after surgery or during hospitalization.
Mortality is the rate of grade V complications.

The specific grading criteria are: (1) Grade I: Any deviation
from the normal postoperative normal recovery process that
includes only the use of antiemetics, antipyretics, analgesics
without requirement of pharmacological treatment, surgical
intervention, endoscopic or interventional treatment. Only those
can be resolved with antiemetics, antipyretics, analgesics,
diuretics, rehydration and physical chemotherapy are included, as
well as the infected wounds that can be managed at the bedside.
(2) Grade II: Complications requiring medications in addition to
those listed in Class I. Blood transfusion and total parenteral
(3) Grade III:

intervention,

nutrition are also included. Complications

requiring  surgical intervention, endoscopic
treatment, and total parenteral nutrition. Those require general
anesthesia are categorized into level IIla, and those do not into
level IIIb. (4) Level IV: Life-threatening complications (including
central nervous system complications) that require intensive care
unit treatment, with single-organ failure at level IVa (including
the need for dialysis) and multi-organ failure at level IVb. (5)

Grade V: death.

Statistical analysis

Normally distributed measurement data were represented by
mean and standard deviation, with difference compared by
Student’s t-tests. Non-normally distributed continuous variables
were reported as the median with interquartile range and were
compared by Mann-Whitney U-tests, with categorical variables
compared by X test or Fisher’s exact test. Univariate analysis
covered all indicators,

potential including  preoperative,

intraoperative  and  postoperative  patient-related  factors.
Multivariate logistic regression analysis including the potential
factors with P<0.05 in univariate analysis was conducted to
identify the

complications after LPD. Potential interactions between these

risk factors associated with all and major
factors and the level of complications were also examined.
Results were represented by P-values, odd ratios(ORs)and 95%
confidence intervals (CIs). P-value of <0.05 was considered
statistically significant difference. All statistic analyses were

performed using software SPSS Version 25.0.

Results
Cohort basic characteristics

From April 2015 to November 2021,824 patients underwent
LPD at the First Affiliated Hospital of JiLin University. 31
patients were excluded owing to the lack of data. The basic
characteristic and surgical details of the patients were listed in
Table 1. The median age of 793 patients was 60 (IQR: 52-66)
years, composed of 442 (55.7%) males and 351 (44.3%) females.
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TABLE 1 Baseline characteristics of the study cohort.

Variables Value

Total 793 (100)

Sex (female/male, n%) 351 (44.3)/442 (55.7)
Age (years, IQR) 60 (52-66)
BMI (kg/m?, SD) 22.97 £3.23
Preoperative CA19-9 (U/I, SD) 154.05 £ 197.59
Preoperative TBIL (mmol/L,SD) 94.23 + 85.67

112 (14.1)/681 (85.9)
103 (13.0)/690 (87.0)
25 (3.2)/768 (96.8)
321 (40.5)/472 (59.5)

34 (4.3)/640 (80.7)/119 (15.0)
139 (17.5)/654 (82.5)
560 (70.6)/233 (29.4)

50 (20-100)
145 (18.3)/648 (81.7)
191.02 £ 66.90
234 (29.5)/135 (17.0)/424 (53.5)
385 (48.5)/408 (51.5)

Hypertension (yes/no, n%)

Diabetes (yes/no, n%)

Virus hepatitis (yes/no, n%)

Preoperative biliary drainage (yes/no, n%)
ASA grade (I/II/IIL, n%)
History of abdominal surgery (yes/no, n%)

Vascular variation (yes/no, n%)

Introperative bleeding (ml, IQR)

Intraoperative transfusions (yes/no, n%)

Operation time (min, SD)

Pancreas texture (firm/middle/soft, 7n%)

Size of pancreatic duct (>3/<3, n%)

BMI, body mass index; IQR, interquartile range; SD, mean; CA19-9, cancer antigen
19-9, TBIL, total bilirubin; ASA, American Society of Anesthesiologists.

Mean total bilirubin was 94.23 + 85.67 mmol/L. Patients with
mean cancer antenginl9-9 of 154.05+197.59 U/1.321 (40.5%)
underwent  ultrasonic-guided  bile  drainage due to
hyperbilirubinemia before surgery.112 (14.1%) had hypertension,
103 (13.0%) had diabetes and 25 (3.2%) had virus hepatitis. 34
(4.3%) patients were classified as ASA I, 640 (80.7%) as ASA II
and 119 (15.0%) as ASA III. Median blood loss was 50 (20-100)
ml. Mean operation time was 191.02+66.90 min. Pancreatic
specimens were soft in 424 (53.5%) patients, middle in 135
(17.0%) patients and firm in 234 (29.5%) patients. 408 (51.5%)
patients was found to exhibit pancreatic duct diameter <3 mm
385 (48.5%) patients Other
characteristics, intraoperative details are described in Table 1.
LPPC occurred in 260 (32.8%) patients, with 169 (21.3%)
patients developing POPF, 44 (5.5%)patients developing biliary
fistula, 17 (2.1%) patients developing DGE, 55 (6.9%) patients
developing PPH, 7 (0.8%) patients developing intestinal fistula,

found >3 mm. baseline

59 (7.4%) patients developing abdominal infections and 28
(3.5%) patients developing pulmonary complication. According
to CDC, the LPPC of all patients could be divided into five
grades (Grade I-V), of which grade III was subdivided into grade
Illa and grade IIIb according to whether there was invasive
operation under general anesthesia. POPF was determined to be
the most common complication after LPD in our study. In
Table 2 the detailed classification of complications is shown. The
number of patients with C-D grade I, II, IIIa, IIIb, IV and V was
83 (31.9%), 91 (35.0%), 38 (14.6%), 24 (9.2%), 9 (3.5%) and 15
(5.8%). The grade I-II was classified as mild LPPC and grade
III-V as severe LPPC. 174 (66.9%) patients were categorized with
grade I-II and 86 (33.1%) with grade III-V. The 793 patients
were further divided into two groups: 707 (89.2%) patients with
no or mild LPPC, and 86 (10.8%) patients with severe LPPC,
among which 15 (1.9%) patients experienced postoperative death,
6 (40.0%) died of multiple organ failure due to severe
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TABLE 2 Clavien-Dindo classification of postoperative complications.

10.3389/fsurg.2023.1043329

Complications Grade | Grade I Grade llla Grade lllb Grade IV Grade V
Pancreatic fistula 169 60 61 30 3 6 9
Hemorrhage 55 1 2 8 24 2 7
Delayed gastric emptying 17 1 8 3 1 4 0
Billary fistula 44 13 12 14 2 1 2
Abdominal infections 59 6 15 18 7 7 6
Pulmonary complication 28 8 7 5 1 2 5
Intestinal fistula 7 0 1 3 1 1 1

postoperative infection, 4 (26.6%) died due to abdominal bleeding
and failure in stopping bleeding after secondary laparotomy, 3
(20.0%) died of respiratory failure, 1 (6.7%) died two weeks after
discharge with a large amount of blood visible in the abdominal
drainage tube, which was considered to be arterial stump
bleeding, and 1 (6.7%) died of pulmonary embolism.

Risk factors of LPPC

The results of univariate of postoperative

complications and severe complications were listed in Table 3

analysis

and those of multivariate analysis in Table 4. In univariate
analysis, gender (P=0.006), soft pancreatic texture (P<0.001)
and pancreatic duct diameter<3mm (P=0.009) were
significantly associated with LPPC, while BMI (P=0.027),
preoperative total bilirubin (P=0.010), preoperative biliary
drainage (P=0.049) and intraoperative blood transfusion (P=
0.015) were associated with LPPC. Severe LPPC was significantly
associated with preoperative TBIL > 170 mmol/L (P <0.001) and
intraoperative blood transfusion (P =0.002), appearing to be
related with size of pancreatic duct (P = 0.045).

In multivariate Logistic regression analysis, pancreatic texture
(P<0.001, OR=1.399, 95% CIL 1.170-1.673), intraoperative
blood transfusion (P=0.033, OR=1.517, 95% CI, 1.034-2.226),
gender (P=0.038, OR=1.396, 95% CIL 1.019-1911) and
preoperative TBIL > 170 mmol/L (P=0.029, OR =1.523, 95% CI:
1.043-2.224) were independent risk factors for postoperative
complications of LPD. Severe LPPC was revealed to be
independently associated with preoperative TBIL > 170 mmol/L
(P=0.001, OR=2.313, 95% CI: 1.406-3.807) and intraoperative
transfusion (P =0.004, OR =2.123, 95% CI: 1.278-3.529).

Analysis of differences between mild and severe complications.

As shown in Table 5, in comparison with mild complications
(grade I-II), severe complications (grade III-V) were associated
with preoperative CA19-9 (P=0.019), preoperative TBIL >
170 mmol/L (P=0.015), and total operation time (P=0.036).
Multivariate analysis suggested preoperative TBIL > 170 mmol/L
(P=0.036, OR=1.901, 95% CI: 1.043-3.484) as an independent
risk factor.

The hospital stay of patients with complications of all grades
was evaluated as grade I (19.06 +4.575), II (26.82 +£6.251), Illa
(38.66 +9.737), TIIb (30.33 + 12.815), IV (72.78 £10.721) and V
(22.60 £ 11.564). As depicted in Figure 1, except for patients

TABLE 3 Univariate analysis of postoperative complications and severe complications.

No-LPPC LPPC P-value Grade 0-lI Grade III-V P-value

n=>533 n=260 n=707 n=_86
Age <65/>65 365/168 178/82 0.996 490/217 53/33 0.148
Sex Female/male 254/279 97/163 0.006** 315/392 36/50 0.635
BMI (kg/mz) <23.9/>23.9 366/167 158/102 0.027* 471/236 53/33 0.356
CA19-9 (U/M) <100/>100 302/231 165/95 0.068 421/286 46/40 0.281
Vascular variation yes/no 153/380 80/180 0.549 209/498 24/62 0.750
Preoperative TBIL (mmol/L) <170/>170 448/85 199/61 0.010** 589/118 58/28 0.000**
Preoperative biliary drainage Yes/no 203/330 118/142 0.049* 279/428 42/44 0.094
Hypertension Yes/no 771456 35/225 0.708 100/607 12/74 0.962
Diabetes Yes/no 65/468 38/222 0.341 91/618 12/74 0.778
Virus hepatitis Yes/no 13/520 12/248 0.100 22/685 3/83 0.850
History of abdominal surgery Yes/no 92/441 47/213 0.777 121/586 18/68 0.380
ASA grade <H/>II 454/79 220/40 0.835 601/106 73/13 0.976
Operation time (min) <300/>300 492/41 242/18 0.698 658/49 76/10 0.117
Pancreas texture Firm/middle/soft 174/100/259 60/35/165 0.000* 373/120/214 51/15/20 0.386
Size of pancreatic duct >3/<3 276/257 109/151 0.009** 352/355 33/53 0.045*
Introperative bleeding (ml) <400/>400 506/27 241/19 0.205 668/39 7917 0.326
Intraoperative transfusions Yes/no 85/448 60/200 0.015* 119/588 26/60 0.002**

BMI, body mass index; CA19-9, cancer antigen 19-9, TBIL, total bilirubin; ASA, American Society of Anesthesiologists. Grade 0—Il, no complications and Clavien-Dindo

classification grade I-II.
*P<0.05.
**P<0.01.
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TABLE 4 Multivariate analysis of postoperative complications and severe
complications.

OR- 95%
value confidence
interval

Lower Upper

No-LPPC/LPPC
Pancreas texture Firm/ 1.399 1.170 1.673 0.000
Middle/Soft
Intraoperative no 1
transfusions yes 1.517 1.034 | 2226 | 0033
sex Female 1
Male 1.396 1.019 1.911 0.038
Preoperative TBIL <170 1
(mmol/L) >170 1523 1.043 | 2224 0.029
Grade O-1I/llI-V
Preoperative TBIL <170 1
(mmol/L) >170 2313 1.406 3.807 0.001
Intraoperative & 1
transfusions & 2.123 1.278 3.529 0.004

LPPC, post-laparoscopic pancreaticoduodenectomy complications; TBIL, total
bilirubin; Grade 0-II, no complications and Clavien—Dindo classification grade [-II.

who died, the length of postoperative hospital stay was generally
prolonged with the elevation of the LPPC grade.

Discussion

PD is the primary choice in the treatment of periampullary
tumor, which has even become a representative of advanced
surgery celebrated by its high degree of difficulty. In recent years,

TABLE 5 Univariate and multivariate analysis of complication grading.

10.3389/fsurg.2023.1043329

laparoscopy has been favored by surgeons with its advantages of
small trauma, low pain and quick recovery, as minimally invasive
Whipple has been widely carried out in general surgery around
the world (17-21). The service of this operation involves a
number of organs and makes great impacts in human anatomy.
Despite the modification of technique and clinical nursing level
in recent years, its complication rate is still reported as high as
50%-60% (22, 23). In this study, the complications rate was
reported to be only 32.8% (260/793). There has always existed a
competitive relationship between the global general surgery and
the medical center in completing LPD with a low postoperative
mortality rate, which will undoubtedly win a better public praise
and reputation, leading the forefront of surgery at home and
abroad. Therefore, the existence of a unified standard to compare
the efficacy of LPD in different regions and countries is required,
and the C-D classification provides such a tool, which as a
grading standard has been referred to in many surgical fields
(24-26).

The C-D grading itself has several advantages (11). First,
distinguished from the traditional single-system study, it
evaluates the surgical efficacy from the overall multi-system.
Secondly, it can prepare for the assessment of potential
independent risk factors for surgery-related complications.
Finally, it can contribute to exploring the factors that may
aggravate the complications, thus fundamentally reducing the
occurrence of such events, which benefits the surgical field as a
whole.

This study concluded that soft pancreas could serve as an
independent risk factor for postoperative complications of LPD,
which is also consistent with the view of most scholars. The soft
pancreas (26, 27) generally has a good exocrine function with the
capability to secrete a large amount of pancreatic fluid. During

Univariate Multivariate
Grade |-l Grade IlI-V P-value OR-value 95%Cl
n=174 n=286
Lower upper
Age <65/>65 125/49 53/33 0.095
Sex Female/male 61/113 36/50 0.286
BMI (kg/mz) <23.9/>23.9 105/69 53/33 0.842
CA19-9 (U/T) <100/>100 119/55 46/40 0.019*
Vascular variation Yes/no 56/118 24/62 0.482
Preoperative TBIL (mmol/L) <170/>170 141/33 58/28 0.015* 1.906 1.043 3.484 0.036*
Preoperative biliary drainage Yes/no 76/98 42/44 0.432
Hypertension Yes/no 23/151 12/74 0.870
Diabetes Yes/no 26/148 12/74 0.832
Virus hepatitis Yes/no 9/165 3/83 0.543
History of abdominal surgery Yes/no 29/145 18/68 0.401
ASA grade <I/>II 147/27 73/13 0.933
Operation time (min) <300/>300 166/8 76/10 0.036*
Pancreas texture Firm/middle/soft 40/20/114 20/15/51 0.394
Size of pancreatic duct >3/<3 76/98 33/53 0.415
Introperative bleeding (ml) <400/>400 162/12 7917 0.717
Intraoperative transfusions Yes/no 34/140 26/60 0.054

BMI, body mass index;CA19-9,cancer antigen 19-9,TBIL total bilirubin;ASA, American Society of Anesthesiologists.

*P<0.05.
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FIGURE 1
Length of stay for complications with different C-D grades.

pancreatic jejunal anastomosis after LPD, it is easy to corrode the
anastomotic vessels and tissues. Secondly, when the soft pancreas
is anastomosed with the residual pancreas, cutting effect is more
likely appear by the suture and lead to pancreatic damage, which
will cause POPF, resulting in bleeding, abdominal infection,
sepsis and other complications, which has reached a consensus in
academic (27-30). The pancreas with low density is more
sensitive to inflammation compared to those with high fibrosis.
With the subside of inflammation after surgery, the volume of
the remaining pancreas will be slightly reduced, and the gap
between the suture and the tissue will also develop, which also
provides an opportunity for pancreas fluid leakage.

The diameter of pancreatic duct (5, 28, 29) is related to LPPC,
which with excessively thin duct is associated to the higher
occurrence of damage in the pancreas when anastomosing with
jejunum mucosa, and difficult to exact anastomosis. Another
study in our center (27) demonstrated the diameter of small
pancreatic duct as an independent risk factor for postoperative
POPF (OR: 30.277, 95% CI: 10.578-86.655, P < 0.001), which was
also verified in other studies. However, the expanded sample size
resulted in the statistically insignificant diameter of pancreatic
duct in the multivariate analysis in the present study. We
speculate the other LPPC resulting from pancreatic juice when
POPF occurs after LPD, such as PPH, abdominal infection, etc.,
so the diameter of pancreatic duct is considered to be related to
LPPC. However, due to the absence of uniform standard for the
measurement of the diameter, which is thus estimated roughly
according to the experience of the operator, these data may be
biased, further verification from other medical centers is required.

In the study, male sex was a risk factor of LPPC, but exhibited no
significant association. Most studies (31-33) have not reported that
gender differences affect the rate of postoperative complications. We
considered this result to be related to the living habits of people in
northeast China. In northeastern China, table culture is a weighted
means of communication, especially alcohol consumption, which
is a main cause of chronic pancreatitis. Although the hard
pancreas are almost universally accepted more likely to reduce the
incidence of postoperative complications in terms of technique,
some scholars (34, 35) argue that the excessive fibrosis of the
pancreas can affect the development of pancreatic anastomosis
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stoma, tending to leave gaps between the pancreas and jejunum in
the process of stitching, and possible lacuna between pancreatic
duct and supporting tube, which will be the hidden trouble to the
patient outcome. It is also believed that men and women have
different fat distribution and patients with more abdominal fat
also have more fat in the pancreas, which affects the texture of the
pancreas (36-38) and produce a certain impact on prognosis.
However, the effect of gender (39-41) or history of chronic
pancreatic on LPD prognosis still requires further study due to
lack of enrolled studies, which may have a strong regional character.

Despite the necessity of perioperative blood transfusion for
patients with large blood loss during major surgery, it has been
determined that blood transfusion is significantly associated with
postoperative complications (42). We found that intraoperative
blood transfusion was an independent risk factor for LPPC,
possibly related to the systemic inflammatory response that blood
transfusion may elicit after surgery. Large transfusions of red
blood cells can also result in dilution clotting factors deficiency
(43-46). Dirk J et al. (47) reported that the odds ratio for
exposure to intraoperative blood transfusion in patients was 1.74.
Some scholars (48) have concluded a linear correlation between
blood transfusion and postoperative morbidity. The elevated risk
of postoperative infection may be resulted from the
immunosuppression caused by blood transfusion, which inhibits
the activity of immune cells, such as T-cells and nature killer
cells, and may promote the release of some growth factors, thus
inducing tumor recurrence. Therefore, the indication of blood
transfusion should be strictly grasped.

High bilirubin itself is a manifestation of liver damage. In
surgery, cholestatic liver damage is often caused by biliary
obstruction, which results in insufficient synthesis of coagulation
factors and increased risk of postoperative bleeding (6, 49). There
also have studies clearly reporting a higher incidence of liver
with high
preoperative bilirubin levels (50-53). Vitamin K deficiency is

failure or multiple organ failure in patients
common in patients undergoing preoperative bile drainage,
which affects clotting factors synthesis, as well as in patients with
obstructive liver injury. It has been suggested that mildly elevated
bilirubin induced platelet activation via mechanism related to
thereby

coagulation (54). All of these increase the risk of bleeding after

collagen-induced  platelet  activation, inhibiting

surgery. This study suggests hyperbilirubinemia as an
independent risk factor for postoperative complications of LPD,
and is closely associated with the incidence of severe
complications, which may even contribute to postoperative
deterioration of the disease. One study (27) from a large capacity
center in western China covering 1056 patients also identified
hyperbilirubinemia as an independent risk factor for LPPC,
especially highly correlated with Grade V (P=0.042, 95% CI:
1.849 to 4.789, OR=2.017). In univariate analysis, preoperative
exhibited no

excluding the interference of other factors after inclusion in

biliary drainage statistical ~significance after
regression model. Some scholars (55-57) believe that preoperative
biliary drainage aggravates the risk of postoperative biliary tract
infection, while it is undeniable that the alleviation of jaundice by

preoperative drainage can significantly improve liver function with
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the potential to optimize the prognosis of patients (58). In
multivariate analysis of this study, the P-values of bilirubin were
0.029, 0.001 and 0.036, respectively. There showed statistically
significance between mild and severe complications (P =0.001).
Consideration of bilirubin not only increases the incidence of
LPPC, but also may lead to the development of severe complications.

As shown in Figure 1, the hospital stay after surgery is
generally extended with the improvement of LPPC level.
Therefore, the C-D grading system is expected to improve
perioperative patient management, shorten hospital stay, reduce
medical costs and patient economic pressure.

In summary, we concluded the significant association of the
results of CDC with risk factors for LPPC, which may accurately
predict the major complications. This grading system could
provide a reliable means of quality assessment in surgical
procedures and contribute to date comparison among different
medical bases and therapies. It may also be widely applied in
abdominal surgery in the future. All of this will help modify the
quality of minimally invasive surgery, contributing shorter
hospital stay and decreased financial costs.

According to this study, we believe that the C-D system in
clinical management can predict the postoperative recovery of
patients. By analyzing the differences between complications of
different
hyperbilirubinemia and intraoperative blood transfusion were

severity, we found that certain factors such as
statistically significant, which suggests that we should pay more
attention to the presence of such factors in patient management
and try to correct preoperative hyperbilirubin as much as
possible. We hope to establish a new scoring system. We can
score by relevant preoperative risk factors, and then estimate the
possibility of complications at all levels after surgery. However,
the sample size of our center is limited, and we are unable to
complete it for the time being. In addition, we are collecting new
data. When the sample size is sufficient, we will further verify
the results of this study and establish a new scoring system as far
as possible. It is also hoped that other large capacity centers at
home and abroad can further verify this experiment.

The study, as a single-center retrospective analysis, also has
some limitations. First, the data were collected prospectively,
possibly biasing in the process of information collection, and
selection bias may exist in the selection of research objects.
Second, the sample size is only concentrated in one region.
Third, some variables were not considered in the study due to
different treatment concepts. The results of this study require to
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