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Abstract

Objective: Surgery is an major methods for rectal cancer and is significantly improved thorough not only combine with modern
medical equipment also combine with immune therapy. Awaking the immune cells can be effectively eliminated residual tumor cells
following the surgical of tumor. Hapten Enhanced Intratumoral Chemotherapy (HEIC) has successful applied into cancer treatment.
HEIC integrated into surgery is a new way to improve outcome of surgery while the immune response is elicited during of rectal
surgery.

Method: After tumor cells were inoculated, the tumor volume was measured to be within the range of 100-200 mm3. The mice were
randomly divided into groups (on the Oth day of the experiment). According to 0.1 ml per 100 mm3 of tumor volume, intratumoral
administration of combination drug as HEIC was performed on the next day (on the Ist day of the experiment), plus surgery.
Another group was performed with only surgery, or only drugs. It was comparison with survival time and cancer recurrence between
immunosurgery and surgery.

Result: In this study, it showed that that the recurrence time in the immunosurgical group was later than that of the simple surgery
group over 50 days (P<0.05), and the recurrence rate in the immunosurgical group was lower than that of the simple surgery group
6 times (P < 0.05) (Table 5). It showed that the survival time in the immunosurgery group was significantly longer than that of the
other groups (P < 0.001).

Conclusion: It is approved that immunosurgery is a great way to replace the general cancer surgery and improve it from physical
improvement to immunological improvement for control tumor recurrence to live longer.
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Introduction

The early 20th century marked the beginning of the development
of cancer surgery techniques. In 1908, Mills performed the first
abdominoperineal resection, in 1912 the first lobectomy, and in
1906, Werthem performed the first radical hysterectomy. All
these surgeries were conducted in accordance with oncological
standards. [1] For more than 100 years since the emergence of
cancer treatment methods, surgery has played a significant role
in cancer treatment. [2] Historically, the belief of surgeons has
been that increasingly aggressive surgeries would improve the
cure rate. Although we have witnessed the development of new
technologies over the past 50 years, surgery remains the standard
method for cancer treatment and is still the dominant approach in
oncology, with no signs of change [2]. Surgery is the cornerstone
of current rectal cancer treatment, with tumor cure and overall
survival remaining the main goals. It requires multidisciplinary
collaboration, and preoperative staging is crucial in the treatment
plans of these patients [3].

Pancreatic cancer is an extremely high mortality rate. Over the
past few decades, the 5-year survival rate for pancreatic cancer has
remained largely unchanged, and in Western countries, itis expected
to become the second leading cause of cancer-related deaths in the
next decade. Pancreatic cancer patients are typically classified into
four categories based on the severity of their condition: resectable,
marginally resectable, locally advanced, and metastatic. [4,5] The
S-year recurrence rate is over 50%, 30% for stage I, and up to
80% for stage III. Recurrence types is local recurrence (1-2 years
after surgery) and distant metastasis (2-3 years after surgery), there
were 75% of local recurrence in analysis of 688 resected PDAC
patients, the cumulative incidence of LM at 5 years was 41%, and
patients who developed LM first (n = 194) had the lowest 1-year
Overall Survival (OS) (34%), compared with 322 patients who
developed extra-hepatic recurrence first (61%). [6] Eighty-nine
studies with 17 313 patients undergoing PDAC resection were
included. the median rates of initial recurrence were 20.8 per cent
for locoregional sites, 26.5 per cent for liver, 11.4 per cent for
lung and 13.5 per cent for peritoneal dissemination. The weighted
median overall survival times were 19.8 months for locoregional
recurrence, 15 months for liver recurrence, 30.4 months for lung
recurrence and 14.1 months for peritoneal dissemination. [7]

In the past, the combination of chemotherapy, radiotherapy and
surgery has been amajor breakthrough in cancer treatment. Adjuvant
chemotherapy and radiotherapy were used before surgery to
shrink the tumors [8,9]. INTRAOPERATIVE RADIOTHERAPY

(IORT) was also used during the surgery. Although IORT does not
extend the overall survival period of patients undergoing surgery
of pancreatic cancer, it shows good local regional control effects
in specific stages of patients and does not increase the risk of
complications [10-13]. However, due to the tendency to compress
tumor remnants during surgery, tumor metastasis or residual
tumor cells during the surgical process remain a clinical problem.
Therefore, in many clinical cases, a successful surgery does not
necessarily mean a successful treatment. To improve the long-
term survival rate of surgical treatment and prevent local residual
tumors and surgical residual metastasis caused by the surgery,
many tools and surgical robots that improve the surgery and make it
more perfect and successful have emerged. [14] The inflammatory
response after colorectal cancer surgery was observed, and the
proliferation, differentiation and secretion of immune cells in
the intestinal area after microenvironment remodeling were
discussed. The intestine is also the largest digestive organ in the
human body. [15,16] These studies raised a question: How can
we use the inflammatory response during the surgical process
to control the regeneration of tumor cells and the recovery of
tumors? Inducing the immune response triggered by semi-antigen-
enhanced intratumoral chemotherapy in esophagectomy provides
a good example for exploring possible immunological surgery.
[17] During the surgical process, it is necessary to stimulate the
specific immune response of the body to residual cancer cells
to simultaneously inhibit potential tumor metastasis. Hapten-
Enhanced Intratumoral Chemotherapy (HEIC) can trigger an
immune response by stimulating the release of tumor-associated
antigens modified by semi-antigens, thereby killing the tumor and
promoting the presentation of new antigens [18,19]. HEIC can also
enhance the functions of CD4, CD8, dendritic cells and B cells
[20-23], it is also called Ultro-Minimum Incision Personalized
Intratumoral Chemoimmunotherapy (UMIPIC). In this study,
we aimed to determine whether Hapten-Enhanced Intratumoral
Chemotherapy (HEIC) integrated into surgery for inducing an
acute immune response in order to prevent tumor metastasis and
tumor recurrence in animal model of pancreatic cancer. The drugs
is injected into the tumor at site before remove the tumor and the
cancer mass is completely removed 1 hour later after injection.
HEIC was used for immune surgery rectal cancer and esophageal
cancer during of surgery, before and after surgery, cancer tissue
were took for sc-RNA-Seq analysis of the expression characteristics
of malignant epithelial cells and immune cells, including bone
marrow cells, stromal cells, T cells, plasma cells, B cells, platelets,
epithelial cells, as well as the dynamic changes in cell percentage
and cell subtype heterogeneity. [14,24]. It indicated that HEIC can
be a tool for immune surgery to stimulate the immune systems
in order to fight cancer cells and prevent the tumor metastasis.
However, animal experiments are still necessary because they can
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provide a quicker assessment of the advantages of immunosurgery
in treating tumors compared to conventional surgical treatment, in
terms of survival time and the time of recurrence and metastasis.

Materials and Methods
1. Cultivate Panc02 cells in vitro for animal tumor model.

2. Establish tumor-bearing animal models: Collect the
Panc02 cells cultivated in vitro, inoculate them subcutaneously on
the right axilla of C57 mice, and select mice with tumors ranging
from 5 to 7 mm in size to randomly group.

3. Number of Mice and Grouping:
Experimental Method

After tumor cells were inoculated, the tumor volume was measured
to be within the range of 100-200 mm3 (the longest diameter was
approximately 7 mm, and the shortest diameter was approximately
5 mm). The mice were randomly divided into groups (on the Oth
day of the experiment). The body weight and tumor size were
measured, and the tumor volume V = 1/2ab2 was calculated (a is
the longest diameter, and b is the shortest diameter). According to
0.1 ml per 100 mm3 of tumor volume, intratumoral administration
was performed on the next day (on the 1st day of the experiment).
The second administration was carried out on the 8th day of the
experiment, with 0.1 ml per mouse, and 15 mice were used in each
group (10 mice for survival time + 5 mice for efficacy). All mice
were female. On the 15th day, blood was collected from the orbital
area of mice numbered 11-15.

Observation Indicators

. Body Weight, Tumor Volume: Before grouping; before
each administration; every 3 days after administration, weigh and
measure once.

. Tumor Weight And Tumor Growth Inhibition Rate: At
15 days, dissect the tumor, weigh it, and calculate the tumor growth
inhibition rate as a percentage using the following formula:Tumor
growth inhibition rate (%) = x 100%.

. Evaluation Criteria: If the tumor growth inhibition rate
(%) is less than 40, it is considered ineffective. If the tumor growth
inhibition rate (%) is greater than or equal to 40 and the result is
statistically significant with P < 0.05, it is considered effective.

The average tumor weight of the negative control group should
be less than 1g, or 20% of the tumor weight should be less than
400mg, indicating poor tumor growth and the experiment should
be invalidated.

. Organ Coefficient: At 15 days, dissect the thymus
and spleen for weighing, and then calculate the thymus and
spleen coefficients according to the following formula: Thymus
coefficient: Thymus weight / Body weight x 100% Spleen
coefficient: Spleen weight / Body weight % 100%

. Relative Tumor Proliferation Rate T/C (%): It is
calculated according to the following formula based on the
measurement of tumor size: T/C % = TRTV / CRTV*100%
Efficacy evaluation criteria: If T/C is greater than 40%, it is
considered ineffective; if it is less than or equal to 40% and
statistically processed with P < 0.05, it is considered effective.
TRTV: Treatment group RTV; CRTV: Negative control group RTV
The formula for calculating Tumor Volume (TV) is: V=1/2 x a x
b?. Among them a and b represent length and width respectively.
Based on the measurement results, the Relative Tumor Volume
(RTV) is calculated. The calculation formula is: RTV = Vt / VO.
Here, VO is the tumor volume measured when the cages were filled
(i.e., d0), and Vt is the tumor volume measured each time.

. Survival Function and Life Extension Rate Detection
Time: Throughout the entire experiment period Number of cases:
Mice with survival periods from 1 to 10 Analysis method: SPSS
statistical analysis of the survival function, and calculate the life
extension rate % according to the following formula Life extension
rate (%) = x 100%

Result of Experiment
Drug Efficacy Results
Drug Efficacy on Body Weight

The results showed that there was no significant difference in the
body weight changes of the mice in each group from day 4 to day
25 (P> 0.05); on day 0 of the experiment, the body weight of the
surgical group was higher than that of the immunosurgical group,
the Dox+Ara control group and the model group (P < 0.05), and
the body weight of the HEIC group was higher than that of the
Dox+Ara control group (P < 0.05) (Table 1 and Figure 1).
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Weight (g) 0 Day 4 Day 8 Day 12 Day 16 Day 20 Day 25 Day
Immunosurgery 18.28+0.48" 18.84+0.89 | 18.92+0.69 19.1+£0.49 19.28+0.84 19.92+0.85 20.14+0.59
Surgery 19.06+0.75

HEIC (UMIPIC) 18.92+0.33 19.08+0.13 19.24+0.43 19.88+0.62 19.6+0.75 20.66+0.73 20.86+0.79
Dox+Ara control 17.92+0.42"* 18.72+0.47 | 18.72+0.47 18.98+0.56 18.82+0.5 19.76+0.52 20.18+0.46
Model Control 18.3240.66" 18.94+0.46 19.2+0.5 19.32+40.6 19.58+0.27 19.86+0.32 20.14+0.22

F 3.752 0.377 1.065 2.438 1.661 2.088 2.026

P 0.02 0.771 0.392 0.102 0.215 0.142 0.151

Table 1: Comparison of Weight Changes Based on Pharmacodynamics.

Figure 1: Drug efficacy experiment for pancreatic Cancer for weight change curve.

Therapeutic Effect and Tumor Volume

The results showed that on 0 day of the experiment, the tumor volume of mice in the HEIC group was smaller than that of the simple
surgery group (P < 0.05); on days 12 and 16, the tumor volumes of mice in the model group and the Dox + Ara-C control group were
significantly higher than those of the UMIPIC group (P < 0.05). On day 25 after the operation, the tumor volume of the model group was
significantly higher than that of the UMIPIC group (P < 0.05) (Table 2 and Figure 2).

Tumor vol-

ume (mm? 0 day 4 day 8 day 12 day 16 day 20 day 25 day

Immunosur--\ 15 67,15 87

gery

Surgery 154.85+68.11

HEIC .

102.02+16.14 127.47+44.3 174.94+52.21 72.73+£30.47 71.45+£22.44 115.34+68.42 81.41+67.42

(UMIPIC)

Dox+Ara-C

control 121.67+11.79 148.4+26.14 178.76+47.54 206.29+86.75% 203.42+94.15*% 252.91+138.21 306.07+196.28

xﬁfil 118.65+11.98 121.08+22.78 143.65+20.29 164.35+46.45% 243.84+93.17% 233.16+£102.28 335.434+205.187
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F 1.73 0.968 1.031 6.595 6.755 2.424 3.401

P 0.183 0.408 0.386 0.012 0.011 0.131 0.068

Note: Compared with the group undergoing simple surgery, *P < 0.05; compared with the UMIPIC group, #P < 0.05.

Table 2: Comparison of therapeutic effect and tumor volume changes.

Figure 2: Changes in tumor volume due to pharmacodynamics.

TRTV: RTV of the treatment group; CRTV: RTV of the negative control group The formula for calculating tumor volume (tumor
volume, TV) is: V =1/2 x a x b%. Among them A and B represent length and width respectively. Based on the measurement results, the
Relative Tumor Volume (RTV) is calculated. The calculation formula is: RTV = Vt/ V0. Here, VO is the tumor volume measured when
the drug is administered in separate compartments (i.e., d0), and Vt is the tumor volume measured in each individual measurement.

Survival Period Experiment Results
Survival Period Weight

The results showed that there was no significant difference in body weight between the UMIPIC group and the model group at the
baseline (on the day of surgery, P> 0.05); on the 8th day after surgery, the body weight of the HEICEUMIPICEgroup was lower than that
of the model group (P < 0.05); on the 16th day after surgery, the body weight of the Dox + Ara-C control group was lower than that of
the model group (P < 0.05), and there was no significant difference in body weight among the groups at other time points (all P > 0.05).
All the mice in the model group died on the 72nd day after surgery. See (Table 3 and Figure 3). The mice in the simple surgery group
were used for supplementary experiments and had different measurement times and frequencies, so they were not included in the overall
experimental statistical analysis. Specific data are shown in Table 3 and Figure 3.
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Body weight (g) 0 day 4 day 8 day 12 day 16day 20 day 25 day 29 day 33 day 37 day 41 day 46 day 51 day 55 day 60 day 67 day
Immunosurgery Group 18.17+0.85 18.71+0.87 18.79+0.87 19.35+0.98 19.25+0.92 20.25+1.16 20.29+0.88 20.69+0.99 21.06+0.87 21.19+0.88 21.15£0.97 21.71+41.28 20.69+0.51 20.47+2.03 22.17+1.1 23.4+1.89
HEIC (UMIPIC) 18.17+0.83 18.1+0.79 18.32+0.74" | 18.92+0.85 19.08+0.8 20.18+0.67 20.41+0.83 20.53+0.95 20.47+1.03 21.32+1.01 21.44+1.34 21.03+1.08 21.79+1.27 21.594+0.95 21.66+1.33 22.26+1.47
Dox+Ara-C Control 18+0.82 18.64+1.28 18.65+1.24 18.84+1.05 | 18.58+1.07" 19.93+1.21 20.26+1.3 20.51£1.22 20.16+1.19 21.74+1.22 21.4+1.36 21.59+1.54 22.14+1.78 22.08+2.27 22.1543.19 23.57+2.37
Model 18.28+0.49 | 18.92+0.51 19.26+0.39 19.54+0.49 19.66+0.41 20.39+0.4 20.98+0.68 20.78+0.93 20.98+0.97 21.36+1.09 21.4+1.14 21.96+1.85 22.23+£2.22 21.2242.39 22.9+0.96 22.85+0.92

F 0.23 1.4 1.92 1.47 2.841 0.4 1.24 0 1.74 0.496 0.117 0.6 1.88 0.9 0.42 0.714

P 0.88 0.3 0.14 0.24 0.052 0.7 0.31 1 0.18 0.688 0.949 0.6 0.16 0.5 0.74 0.559

Tumor Volume At the end of the Survival Period

The results showed that at the baseline (on the day of the surgery), the tumor volume of the mice in the immunosurgery group was larger than that of the other three groups (all P values < 0.05); on the 20th day and the 37th day after the surgery, the tumor volume of the mice in the HEIC (UMIPIC) group was
significantly lower than that of the model group (P < 0.05), from the 25th day to the 33rd day after the surgery, the tumor volume of the UMIPIC group and the Dox+Ara-C control group was significantly lower than that of the model group (all P values < 0.05), on the 41st day after the surgery, the tumor volume
of the UMIPIC group was significantly lower than that of the model group and the Dox+Ara-C control group (all P values < 0.05), on the 60th day after the surgery, the tumor volume of the HEIC group was significantly lower than that of the Dox+Ara-C control group (P < 0.05). See (Table 4 and Figure 4). On the
72nd day after the surgery, all mice in the model group died. The mice in the simple surgery group were used for supplementary experiments and had different measurement times and frequencies, so they were not included in the overall experimental statistical analysis. On the 10th day after the surgery, there was

a recurrence in the simple surgery group, and the specific data are shown in (Table 4 and Figure 4).

Table 5: Changes in Body Weight of Mice during Survival Period.

Figure 3: Changes in the body weight of mice during the survival period

t“mgnvn(’})“me 0 day 4 day 8 day 12 day 16 day 20 day 25 day 29 day 33 day 37 day 41 day 46 day 51 day 55 day 60 day 67 day
Immunosurgery 117.884+20.74 4 4
HEIC (UMIPIC) | 100.11+18.32° | 119.45423.15 | 1527143727 | 142.264+98.05 | 133.5£91.58 94.54+62.4" 120.36495.43" | 190.97+153.17% | 225.44+188.03" | 380.88+431.93* | 517.52+439.1% 757.09+4675.25 1060.12+1017.6 | 1293.12+863.6 | 1333.86+918.25% | 1843.95+1145.26
Dc();(;/?rr;ll-C 116.61£10.1° | 117.84+16.38 | 164.64+31.66 | 147.9426.71 | 182.25446.91 | 172.11466.99 | 162.07+65.61* 249.58+103* 327.1£159.77¢ | 619.224263.66 | 1072.29+503.14 | 1251.87+791.38 1344.98+552.85 | 2106.33+387.88 | 2523.8+739.92 2281.3+1078.67
Model 116.06£18.73" | 12032623 | 145.08+46.79 | 203.814122.98 | 222.77+179.67 | 274.68+179.74 | 3162619722 | 433.95:262.4 | 571.024287.77 | 757.4+422.45 1042.3£576.36 | 1320.3241041.96 | 1911.15+1381.57 | 2205.39+1544.4 | 2336.03+424.5 2824.73+799.68
F 2318 0 0.636 1.37 1.4 6.02 6.11 4.686 6.59 251 3.7 1.186 1.27 1.55 32 0.608
P 0.092 0.537 0.27 0.26 0.007 0.01 0.018 0.01 0.1 0 0.324 0.3 0.24 0.1 0.571

Note: Compared with the immunosurgery group, *P < 0.05. Compared with the model group, #P < 0.05; Compared with the Dox + Ara control group, &P < 0.05;

Table 4: Changes in tumor volume of mice at the end of the survival period.

Figure 4: Changes in tumor volume of mice with shortened lifespan.
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Recurrence Time of Surgical Mice

The results showed that the recurrence time of mice in the immunosurgical group was later than that of the simple surgery group over
50 days (P<0.05), and the recurrence rate of mice in the immunosurgical group was lower than that of the simple surgery group 6 times,
with statistically significant differences (P < 0.05) (Table 5).

Group Recurrent time (days) Recurrent rate (%)
Immuosurgery 60 10.00
Surgery 11.33£2.07 66.67
Z / Chi-square 21.813 6.537
P 0.000 0.011

Table 5: Recurrence Time of Surgical Mice

Survival Analysis

The results showed that the survival time of mice in the immunosurgery group was significantly longer than that of the other groups (P
<0.001), as shown in (Table 6 and Figure 5a). The survival time of mice in the immunosurgery group was significantly longer than that
of the simple surgery group (P < 0.001), as shown in (Table 7 and Figure 5b).

Group Survival time (days) Median survival time (days)
Immunosurgery 108.40+11.01 no
Surgery 47.11£11.27 30.00+1.49
HEIC (UMIPI) 69.70+6.32 65.00+11.86
Dox+Ara-C control 60.20+3.69 57.00+3.87
Model 68.53+4.63 57.00£7.11
Log Rank (Mantel-Cox) 22.895
P 0

Note: In the immunosurgery group, 9 out of 120 animals survived at 120 days, with a survival rate of 90%. Therefore, the median

survival time could not be determined.

Table 6: Survival Time Analysis.

Median survival time (days)

Group Survival time (days)

Immunosurgery 108.40+11.01 No conclusion
Surgery 47.11£11.27 30.00+1.49
Log Rank (Mantel-Cox) 10.608

P 0.001

Table 7: Survival Time Analysis of the Immunosurgery Group vs the Simple Surgery Group

7
J Surg, an open access journal
ISSN: 2575-9760

Volume 11; Issue 02



Citation: Zhang J, Yang Y, Han Y, Fu Y, Chen D, Li X, Yu B (2026) Immune Surgery in Pancreatic Cancer Mice Model for Prolong Their
Life and the Duration of Recurrence. J Surg 11: 11572 DOI: 10.29011/2575-9760.011572

Figure 5a: Survival curves of each group of mice.

Figure Sb: Survival curves of each group of mice.
Discussion

Pancreatic surgery is quite complex and has a high incidence of
complications, so its development process has been relatively
slow. After the initial anatomical research in the 16th century
and the exploration of its physiology in the 3rd century, the
development of pancreatic surgery began to accelerate. Pancreatic

surgery started in the middle of the 19th century, when the
surgical methods were relatively simple, such as external and
internal drainage. The earliest pancreatic body and tail resection
was performed in the late 19th century, while the more complex
pancreatic head resection was gradually completed through
multiple steps from 1898 to 1935. [25] However, the high
complication rate associated with pancreatic resection surgery
(mainly related to postoperative pancreatic fistula) has limited
the development of pancreatic surgery for several decades. Since
the 1980s, the concept of high-capacity centers emerged, which
reduced the mortality rate and expanded the indications for surgery,
especially for benign or inflammatory diseases. The management
of postoperative complications has improved with the application
of intensive care and interventional radiology techniques. At the
same time, since the 1990s, pancreatic adenocarcinoma surgery
has been completed through adjuvant chemotherapy, and then
through neoadjuvant therapy, which has enabled more tumors
to be removed and improved the prognosis of patients. In recent
years, islet cell transplantation (as an alternative therapy for
pancreatic transplantation) and minimally invasive surgery have
expanded the possibility of non-invasive pancreatic surgery,
thereby reducing the intensity of the surgery. [26] The application
of robots in surgeries is continuously increasing, and it has great
potential in pancreatic surgeries. Currently, the most researched
robotic pancreatic surgeries are pancreaticoduodenectomy and
distal pancreatectomy. Most of these studies are still in the early
stages, but they report that robotic pancreatic surgeries are safe
and feasible. Compared with open surgeries and laparoscopic
surgeries, robotic pancreatic surgeries have several advantages.
Data comparing the costs of robotic surgeries with traditional
techniques are still lacking. Robotic pancreatic surgeries are still
in the early stages, and there is no conclusion on whether they
can reduce metastasis and recurrence. [27]. The inflammatory
in cancer with the proliferation, differentiation and secretion of
immune cells were observed within the intestinal region, and
mucosal membranes of intestinal is a large immune organs.[13,14]
How to use intraoperatively induced inflammatory responses to
control tumor cells left over surgery is very important, HEIC has
been successfully integrated into esophagectomy and rectal cancer
and it has shown to effectively immune responses following
surgery. [15,24] In earlier study, it was found a lot of 10 cell types,
including Epithelial cells(EpithelialCells), Endothelial Cells (ECs),
Fibroblasts, B cells(BCells), Plasma cells (PlasmaCells), TandNK
cells (TandNK), Neutrophils, Mast cells (MastCells), Mononuclear
phagocytes (MPs), Platelets at HEIC treatment 1 hour later after
injection. The MHC-I molecular immune score of epithelial cells
was significantly improved after treatment. [22] Under normal
circumstances, epithelial cells would also express appropriate
MHC-I molecules, which is used to present endogenous antigens
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to CD8+ T cells (i.e., cytotoxic T cells) to check for the presence of
viral infection or other abnormal proteins. The significant increase
in the expression of MHC-I class molecules may be due to the
interaction of tumor antigens and the need to enhance the immune
system’s recognition and clearance of these abnormal cells. [23].

Immune response in tumor almost immediate impact the peripheral
blood samples, T&NK cells accounted for a large proportion up.
GO pathway enrichment analysis showed the gene set enriched
into tumor-related signaling pathways such as apoptosis, IL-7 and
TNF. IL-7 is an important growth factor for T cell development
and survival. TNF has the dual function of inducing apoptosis in
certain cell types (including possibly T cells) [27] and inhibiting
apoptosis by activating the expression of anti-apoptotic genes such
as Bcl-2 via the NF-kB pathway. TEFF cytotoxicity scores in both
of tumor tissues and blood samples were significantly improved
after treatment, it indicated the tumor is cut out of body, then the
immune response is set up in the body. TEFF killed tumor cells
by releasing cytotoxic substances such as perforin and cytokines
(IFN-y, TNF-a), and cytotoxic T cells would release effector such
as perforin and granase. Perforin forms holes in the target cell
membrane, resulting in ion imbalance and changes in intracellular
osmotic pressure, while granulozyme enters the target cell and
induces programmed cell death [27]. HEIC therapy has showed
the significant change in the frequency of clonotype between
the two groups, the clonal diversity was significantly enhanced
and indicated that the immune pool capacity of T cells including
effector T cells was increased, it indicates the ability of effector T
cells to recognize tumors was enhanced after drug administration,
and patients may lack effective cloning and expansion of effector
T cells before treatment [28].

Afterbeing stimulated by antigen, itisrapidly activated, proliferated,
migrated to the site of inflammation, and releases immunoactive
substances for immune response. These results suggest that the
increased proportion and activity of effector T cells, as well as the
efficient clonal expansion, may be the reason why immunotherapy
can target tumors more effectively. HEIC treatment also
strengthened the interaction between Fibroblasts, B cells(BCells),
Plasma cells (PlasmaCells), TandNK cells (TandNK), Neutrophils,
Mast cells(MastCells), Mononuclear phagocytes(MPs) through in
the expression of MHC-I class molecules. Studies have shown that
these genes have a negative impact on the prognosis of patients
in the tumor microenvironment, [29] while CEACAMS the
interaction strength with CEACAMBS is up-regulated. According
to reports, CEACM can transmit signals that produce multiple
effects, including the activation of neutrophils and lymphocytes
[30,31]. In this study, it showed that the body weight of the HEIC
group was higher than that of the Dox+Ara-C control group (P <
0.05) (Table 1 and Figure 1). It indicated that mice lives well in

health condition. It has showed that on 0 day of the experiment to
25 day, the tumor volume of mice in the HEIC group was smaller
than that of the simple surgery group (P < 0.05); than the Dox +
Ara-C control group (P < 0.05), the model group (P < 0.05) (Table
2 and Figure 2). It indicated that HEIC works well for control
tumor growth. In this study, it showed that that the recurrence time
of mice in the immunosurgical group was later than that of the
simple surgery group over 50 days (P<0.05), and the recurrence
rate of mice in the immunosurgical group was lower than that of
the simple surgery group 6 times (P < 0.05) (Table 5). It showed
that the survival time of mice in the immunosurgery group was
significantly longer than that of the other groups (P <0.001) (Tables
6,7 and Figure 5). It is approved that immunosurgery is a great
way to improve of cancer surgery from physical improvement to
immunological improvement for control tumor recurrence to live
longer. In summary, our present study has demonstrated that the
immunosurgery can induces the interaction among TandNK cells,
MPs, and BCells, DC, Mast cells (MastCells) and (PlasmaCells),
and immediate promotes the expression of a large number of
genes contributing to the upregulation of immune response during
rectal cancer surgery. Our study has provided an evidence that
immunosurgry can replace general cancer surgery and make the
general cancer surgery to be a great improvement with a systemic
immune response during the process of cancer surgery, thus
achieving an desirable clinical results.

Translational relevance to the manuscript

This research is a useful practical and valuable for medical
relevance. The study presented in the manuscript provides evidence
to support precision immune surgery during rectal surgery that
can potentially be applied to pancreatic cancer and all other solid
tumors.

Highlights

Single-cell RNA sequencing (scRNA-seq) is used to identify the
immune reaction induced by hapten enhanced local chemotherapy
during of cancer surgery. Immunosurgery can replace the
general cancer surgery to be great improvement from physical to
immunolgical improvment,which is overcome 200 years surgry
limitation of metastasis and recurrence.
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