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Background: With the advancement of medical technology, robotic-assisted surgery has emerged as a promising approach for the
management of endometrial cancer (EC). This retrospective comparative study aimed to evaluate the efficacy, safety, and functional
outcomes of two robotic systems—Kangduo (KD-RAS) and Da Vinci (DV-RAS)—in the treatment of EC.

Methods: This study included patients with stage T1 EC who underwent robotic-assisted surgery using either the Kangduo or Da
Vinci system at Harbin Medical University Cancer Hospital. A comprehensive statistical analysis was conducted on their perioperative
clinical data, encompassing preoperative, intraoperative, and postoperative parameters.

Results: A total of 211 patients were enrolled in this study, including 125 in the KD-RAS group and 86 in the DV-RAS group. The
surgical success rate was 100% in both groups, with no significant differences observed in preoperative baseline characteristics (P >
0.05). There were also no significant differences between the two groups in terms of blood loss, transfusion requirements, or Clavien-
Dindo grade I/II complications (P > 0.05). However, the KD-RAS group exhibited longer operation time, console time, time to first
flatus, and length of hospital stay compared to the DV-RAS group (P < 0.05). Notably, both total hospitalization costs and surgical
expenses were significantly lower in the KD-RAS group than in the DV-RAS group (P < 0.05).

Conclusion: The Kangduo robotic system demonstrates comparable efficacy and equivalent safety profiles to the Da Vinci system,
supporting its non-inferiority in clinical performance for the treatment of early-stage endometrial cancer.
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Introduction

Endometrial cancer (EC) accounts for approximately 90% of all malignant tumors of the uterine corpus, making it one of
the most common malignancies among women, with an increasing incidence year by year.'” Among the histopatholo-
gical subtypes of EC, endometrioid carcinoma is the most prevalent, representing 75-80% of cases.> For patients with
EC, particularly those diagnosed at an early stage, surgery remains the primary treatment modality. The standard
procedure involves extrafascial total hysterectomy combined with bilateral salpingo-oophorectomy, often accompanied
by lymph node dissection when suspicious findings are present.*

Surgical approaches include both open and minimally invasive techniques. In recent years, minimally invasive
surgery has gained popularity due to its advantages such as shorter hospital stays, reduced pain and blood loss, and
faster recovery, thereby improving both surgical and quality-of-life outcomes for EC patients.® Although laparoscopy is
currently the most widely used minimally invasive method, it presents certain limitations, including a restricted field of
view, technical challenges in suturing, and ergonomic disadvantages.’

The advent of robotic-assisted surgery (RAS) aims to address these shortcomings. RAS is a novel surgical technique
wherein surgeons operate through a robotic system that controls instruments mounted on robotic arms to perform

complex procedures. It offers advantages such as enhanced precision, minimal invasiveness, greater flexibility, and
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reduced surgeon fatigue. These features make RAS particularly suitable for gynecologic oncology procedures, especially
those involving complex anatomical environments, such as paraaortic lymphadenectomy, radical hysterectomy, and
surgeries in obese patients.”

Since the Da Vinci® robotic-assisted surgery (DV-RAS) system received CE certification in Europe in 1999, RAS has
entered a phase of rapid development. In parallel, China has developed its own robotic surgical platform, the Kangduo
Surgical Robot-01 (KD-SR-01%), which comprises an open surgical console, three robotic arms, and a high-definition 3D
imaging system (Figure 1). To date, the Kangduo robotic-assisted surgery (KD-RAS) system has been clinically applied

9! and several comparative studies have been conducted between KD-RAS and DV-RAS.'*"'* However,

in urology,
evidence regarding its application in gynecologic oncology remains limited.

Therefore, this study was designed to compare the effectiveness, safety, and functional outcomes of KD-RAS and
DV-RAS across the preoperative, intraoperative, and postoperative phases in patients undergoing surgery for endometrial

cancer.

Materials and Methods

Study Patients
From March 2024 to December 2024, we retrospectively analyzed 211 EC patients aged 18-85 years undergoing robot-
assisted surgery (RAS) at Harbin Medical University Cancer Hospital, with 125 cases in the KD-RAS group and 86 in
the DV-RAS group. All participating surgeons had >50 prior DV system procedures and completed standardized KD
system training (structured courses, simulation training, and proctored surgeries). Each surgeon performed comparable
numbers of procedures on both platforms to minimize operator-dependent bias. The study protocol received approval
from the Ethics Committee of Harbin Medical University Cancer Hospital (Approval No. KY2021-46). All experimental
protocols were conducted in accordance with the Declaration of Helsinki. Written informed consent was obtained from
all participants.

Inclusion criteria: (1) meeting surgical indications; (2) histologically confirmed endometrioid carcinoma; (3) FIGO
stage T1;'° (4) voluntary RAS treatment.

Exclusion criteria: (1) prior adjuvant therapy (endocrine/radiotherapy/chemotherapy/targeted); (2) confirmed distant
metastasis; (3) contraindications for general anesthesia; (4) severe comorbidities; (5) incomplete follow-up.

Figure | The KD-SR-01® surgical robot system.
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Data Collection
We systematically collected preoperative, intraoperative, and postoperative data through electronic medical records.
Preoperative parameters included: demographic characteristics (age, BMI), gynecological history (reproductive/meno-
pausal status), comorbidities (hypertension/diabetes/cardiovascular diseases), and laboratory indices (CA125, WBC, Neu,
HGB, ALT, AST, albumin).
Intraoperative parameters comprised: docking time (robot-to-table positioning completion), console time (docking-to-
undocking duration),'" estimated blood loss, transfusion requirements, total operation time, and lymphadenectomy details.
Postoperative parameters encompassed: pathological characteristics (tumor size, histologic grade, myometrial inva-
sion, LVSI, nodal metastasis), FIGO staging, clinical outcomes (complications graded by Clavien—Dindo,”’ ICU stay, first
flatus, hospitalization duration), cost analysis (total/surgical expenses), and laboratory indices.

Statistical Analysis

A non-inferiority margin of A=15% was predetermined based on historical EBL differences in minimally invasive
gynecologic surgery. Categorical variables were expressed as n(%) and analyzed using y*test. Continuous variables
following normal distribution were presented as mean+SD with Student’s #-test; non-normal variables used median[IQR]
with Mann—Whitney U-test. Statistical power was calculated post hoc using G*Power 3.1, achieving 80% power to detect
inter-group differences at 0=0.05. Analyses were performed using SPSS 26.0 and GraphPad Prism 8, with p<0.05
considered statistically significant.

Results

Baseline Characteristics
The study roadmap is shown in Figure 2. Among the 211 patients, there were 125 patients in the KD-RAS group (59.2%)
and 86 patients in the DV-RAS group (40.8%).

All procedures were completed without conversion to open or laparoscopic surgery, and no intraoperative complica-
tions occurred in either group. As presented in Table 1, the median age of EC patients in both groups was 55 years
(range: 28-77 for KD-RAS; 36-77 for DV-RAS). Most patients had early-stage disease, with 107 (85.6%) in the KD-
RAS group and 72 (83.7%) in the DV-RAS group diagnosed as FIGO stage IA. No statistically significant differences
were observed between the two groups in terms of demographic characteristics, nutritional status, menopause status,
parity, surgical history, comorbidities, tumor size, or serum CA125 levels (P > 0.05).

Pathological Outcomes

As shown in Table 2, no significant differences were found between the two groups regarding histologic grade, depth of
myometrial invasion, lymphovascular space involvement (LVSI), number of resected lymph nodes, or lymph node
metastasis (P > 0.05). However, a significantly higher proportion of patients underwent lymph node dissection in the DV-
RAS group compared to the KD-RAS group (89.6% vs 76.0%, P = 0.013).

Perioperative Outcomes

As displayed in Table 3, all procedures were completed without conversion to open or laparoscopic surgery. The docking
time was similar between the KD-RAS and DV-RAS groups (2.4 min vs 2.2 min, P = 0.086). However, the KD-RAS
group had a longer operation time (111.1 min vs 95.8 min, P = 0.001) and console time (70.3 min vs 56.6 min, P =0.001)
compared to the DV-RAS group. There were no significant differences in estimated blood loss (EBL) and blood
transfusion rates between the two groups (P > 0.05). Additionally, the trend of console time for EC patients using the
KD-RAS system showed a decreasing tendency over time (Figure 3).

Follow-up Outcomes
The overall complication rates were comparable between the groups. Clavien-Dindo grade I complications occurred in
97.6% (122/125) of the KD-RAS group and 96.5% (83/86) of the DV-RAS group. Grade II complications were observed
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EC Patients Entrolled at Harbin Medical

Univercity Cancer Hospital

Exclusion criteria:

Inclusion criteria: « patients received other therapy before treatment
« compliance with surgical indications « distant metastasis does exist

« pathological diagnosis is endometrioid carcinoma « unable to withstand general anesthesia

+ FIGO stage is T1 « serious systemic diseases

« voluntarily undergo RAS surgical treatment « surgical contraindications

« incomplete follow-up data.

211 EC Patients were included since
March 2024 to December 2024

125 patients were included in 86 patients were included in
the KD-RAS group the DV-RAS group

Data collection:
* Preoperative data
* Intraoperative data

* Postoperative data

Statistical analysis

Metrological data
Count data

Normal distributionthe Non-normal distributionthe
Chi Square (2) Test
Student’s T-Test Mann-Whitney U Test

Figure 2 The study roadmap.

in 2.4% (3/125) and 3.5% (3/86) of the KD-RAS and DV-RAS groups, respectively. No major complications (Clavien-
Dindo grade > III) were reported. ICU stay times were also comparable between the groups. No reoperations or deaths
occurred during hospitalization. Interestingly, the mean time to first flatus in the DV-RAS group was significantly shorter
at 2.9 hours compared to 3.0 hours in the KD-RAS group (P < 0.001). Similarly, the length of hospital stay was
significantly shorter in the DV-RAS group (4.4 days) than in the KD-RAS group (5.0 days, P = 0.001). The dynamic
change curves indicated no significant difference between the two groups in the change of blood indexes before and after
surgery (Figure 4). The hospitalization and surgical expenses of the KD-RAS group were significantly lower than those
of the DV-RAS group (P < 0.001 for both) (Tables 4 and 5).

Discussion

Since the beginning of the 21st century, robotic-assisted surgery (RAS) technology has continuously advanced, with its
applications gradually expanding across various surgical fields. The robotic arm in RAS systems offers superior precision
compared to the human hand, particularly when operating on delicate structures, and provides enhanced maneuverability
in complex surgical scenarios. It also contributes to reduced intraoperative bleeding, lower postoperative infection risk,
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Table | Baseline Demographic
Patients Undergoing RAS

and Clinicopathological Characteristics of EC

Variables Type of Surgery P
KD Group DV Group
(n=125) (n=86)
Age, years (median, range) 55.0 (28, 77) 55.0 (36, 77) 0.979
FIGO Stage (n, %) 0.708
1A 107 (85.6) 72 (83.7)
B 18 (14.4) 14 (16.3)
Nutritional status
BMI, kg/m? (mean+SD) 26.1+4.155 26.0+4.163 0.871
Albumin, g/dl (median, IQR) 43.4 (40.9, 45.9) 44.1 (41.6, 46.5) 0.284
Menopause status 0.775
Pre/peri menopausal 40 (32.0) 28 (32.6)
Postmenopausal 85 (68.0) 58 (67.4)
Parity 0.957
Nulliparity 20 (16.0) 14 (16.3)
Multiparity 105 (84.0) 72 (83.7)
Surgery history 0.091
Yes 56 (44.8) 37 (43.0)
No 69 (55.2) 49 (57.0)
Comorbidity (n, %)
Hypertension 0.06
Yes 25 (20.0) 23 (26.7)
No 100 (80.0) 63 (73.3)
Diabetes 0.687
Yes 20 (16.0) 14 (16.3)
No 105 (84.0) 72 (83.7)
Cardiovascular disease 0.15
Yes 6 (4.8) 8(9.3)
No 119 (95.2) 78 (90.7)
Tumor size (Diameter) 0.607
< 2cm 42 (33.6) 26 (30.2)
> 2cm 83 (66.4) 60 (69.9)
Serum Cal25 0319
<35 U/mL 106 (84.8) 77 (89.5)
= 35 U/mL 19 (15.2) 9 (10.5)

Abbreviations: SD, Standard Deviation; FIGO, International Federation of Gynecology and Obstetrics; EC,
Endometrioid cancer; BMI, Body mass index; MI, Myometrial invasion.

and improved overall surgical safety and quality. Additionally, RAS has demonstrated clear clinical benefits, including
minimizing blood loss during surgery, decreasing postoperative complication rates, and enhancing procedural outcomes.

Among RAS platforms, the da Vinci robotic-assisted surgery (DV-RAS) system is the most widely recognized and
clinically adopted. Its efficacy and safety have been extensively validated in multiple studies.'”'® However, its wide-
spread application is somewhat limited by high costs and a steep learning curve. With growing awareness of independent
innovation and continuous technological progress, the China-developed KangDuo RAS (KD-RAS) system has emerged
as a viable alternative. Designed to meet domestic healthcare demands, KD-RAS also aims to improve patients’ quality
of life. Several prospective studies have affirmed the safety and effectiveness of the KD-RAS system, indicating that it is
not inherently inferior to the DV-RAS system.''"'*!? Nonetheless, its clinical utility in gynecologic surgery remains

underexplored.
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Table 2 Pathological Outcomes of EC Patients Undergoing RAS

Variables Type of Surgery P
KD Group (n=125) | DV Group (n=86)
Histologic grade 0.385
Well 55 (44.0) 37 (43.0)
Moderate 55 (44.0) 33 (384)
Poor 15 (12.0) 16 (18.6)
Depth of Ml 0.787
< 50% 75 (60.0) 50 (58.1)
> 50% 50 (40.0) 36 (41.9)
LvsI 0.608
Yes 24 (19.2) 19 (22.1)
No 101 (80.8) 67 (77.9)
Lymph node dissection 0.013
Yes 95 (76.0) 77 (89.6)
No 30 (24.0) 9 (10.5)
Number of lymph node dissection (mean+SD) | 10.6+7.213 10.7+8.789 0.948
Lymph node metastasis 0.053
Yes 1 (1.1) 5 (6.5)
No 94 (98.9) 72 (93.5)

Abbreviations: LVSI, Lympho-vascular space involvement; IQR, Interquartile range; KD-RAS, Kangduo robotic-assisted
surgery; KD, KangDuo; DV-RAS, Da Vinci robotic-assisted surgery; DV, Da Vinci.

Table 3 Perioperative Data of EC Patients Undergoing RAS

Variables KD Group (n=125) | DV Group (n=86) | P
Conversion to open 0 0 -
Operation time, min (meantSD) | 111.1+34.509 95.8+29.724 0.086
Docking time, min (mean+SD) 2.4+0.807 2.2+0.706 0.001
Console time, min (meanSD) 70.3£31.819 56.6+27.634 0.583
EBL, mL (mean+SD) 72.4+45.088 69.2+36.306 0.147
Blood transfusion, n (%) 6 (4.8) I (1.2) 0.64

This retrospective study demonstrated that the KD-RAS system yielded overall comparable outcomes to DV-RAS
across preoperative, intraoperative, and postoperative indicators. Notably, KD-RAS was associated with reduced
hospitalization costs, offering a more cost-effective solution without compromising care quality.

In our analysis, both the KD-RAS and DV-RAS groups exhibited similar baseline characteristics (including age, BMI,
and FIGO staging), without statistically significant differences, thereby reinforcing the credibility of the comparative
findings. All procedures were completed successfully in both groups, with no conversions to conventional laparoscopy or
open surgery, indicating a 100% surgical success rate and confirming the feasibility of the KD-RAS system.

Although estimated blood loss (EBL) and transfusion rates were higher in the KD-RAS group, these differences were
not statistically significant, suggesting that the KD-RAS system is similarly effective in controlling intraoperative
bleeding. Postoperative complication rates were also comparable between the two groups, and no severe complications
occurred, supporting the safety of the KD-RAS approach.

Furthermore, laboratory analyses conducted before and after surgery showed consistent physiological trends in both
groups (Figure 4), indicating similar systemic responses to the procedures. These findings suggest that both robotic
systems have comparable impacts on patients’ physiological homeostasis and support favorable short-term prognostic
outcomes.

In our study, the KD-RAS group exhibited longer total operation time (111.1 vs 95.8 min, P = 0.001) and console time
(70.3 vs 56.6 min, P = 0.001). Three interrelated factors explain this disparity. First, learning curve effects: despite
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Figure 4 Dynamic changes in the average levels of blood indexes before and after surgery in two groups. (A) White blood cell (WBC); (B) Neutrophils (Neu); (C)
Hemoglobin (HGB); (D) Alanine transaminase (ALT); (E) Aspartate transaminase (AST); (F) Albumin (ALB).

standardized training including structured courses and simulation drills, the initial 30 KD-RAS cases showed wide
variability in operative times (Figure 3), consistent with prior reports indicating that 20-30 cases are typically required to
achieve robotic proficiency.'>'? Second, ergonomic adaptation: surgeon feedback highlighted differences in tactile
feedback (KD-RAS: 0.5N vs DV-RAS: 0.IN) and wrist articulation range (240° vs 540°), necessitating modified tissue
handling techniques. Parallel urologic studies reported 15% lower “instrument maneuverability” scores for KD-RAS,*°

Table 4 Postoperative Recovery and Follow-up Outcomes of EC Patients Undergoing RAS

Variables KD Group (n=125) DV Group (n=86) P
Complications, n (%) 0.001
Clavien-Dindo grade | 122 (97.6) 83 (96.5)
Clavien-Dindo grade I 3 (24) 3 (3.5
(Continued)
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Table 4 (Continued).

Variables KD Group (n=125) DV Group (n=86) P
Length of stay, days (mean+SD) 5.0+1.439 4.4+1.221 0.789
Stay of ICU, n (%) | (0.8) 1 (1.2) < 0.001
Time to first flatus, h (mean+SD) 3.0+0.201 2.9+0.336 < 0.001

Abbreviations: EC, Endometrioid cancer; EBL, Estimated blood loss; IQR, Interquartile range; ICU, Intensive Care Unit; KD-RAS, Kangduo robotic-
assisted surgery; KD, KangDuo; DV-RAS, Da Vinci robotic-assisted surgery; DV, Da Vinci.

Table 5 Comparison of Hospitalization and Surgery Expenses

Variables KD Group (n=125) | DV Group (n=86) | P
Total hospitalization expenses, million yuan (median, IQR) | 4.1 (3.9-4.6) 4.7 (4.5-4.9) < 0.001
Surgery expenses, million yuan (median, IQR) 1.6 (1.6—1.6) 2.1 (2.1-2.1) < 0.001

findings that align with our observations. Third, team coordination challenges: the open-console design of KD-RAS,
while beneficial for teaching, initially introduced communication delays between surgeons and assistants. Notably,
docking time did not differ significantly (2.4 vs 2.2 min, P = 0.086), indicating comparable system setup efficiency.
However, structured ergonomic or convenience scores (such as grabability or rotatability) were not formally collected
during the study period. We recognize this as a limitation and suggest incorporating standardized surgeon-reported
usability metrics in future prospective studies.

Notably, sentinel lymph node mapping, though recognized as a standard approach for early-stage endometrial
carcinoma, was not routinely implemented during our study period due to limited equipment availability and lack of
adequate training during the initial KD-RAS rollout. The higher lymph node dissection rate observed in the DV-RAS
group (89.6% vs 76.0%, P = 0.013) likely reflects cautious case selection during early KD-RAS implementation rather
than technical superiority. Critical evidence supports this interpretation: equivalent nodal yield was achieved when
dissection was performed (10.6 vs 10.7 nodes, P = 0.948), there was no significant difference in metastasis rates (1.1% vs
6.5%, P = 0.053), and the two groups had similar risk profiles in terms of tumor size, LVSI, and histologic grade (all P >
0.05). During the early phase of KD-RAS adoption, surgeons preferentially selected low-risk cases (eg, grade 1 tumors
<2 cm), where lymphadenectomy could be omitted per Chinese guidelines.?' This pattern contrasts with claims that
technical precision alone drives dissection rates—enhanced instrumentation should theoretically increase nodal harvest
quantity, not just dissection frequency.?

The marginally prolonged time to first flatus (3.0 vs 2.9 hr, P <0.001) and hospital stay (5.0 vs 4.4 days, P =0.001) in
the KD-RAS group were primarily due to institutional protocols rather than clinical necessity. Specifically, Chinese
guidelines recommend 72-hour postoperative observation for new surgical technologies,> whereas Western centers often
prioritize same-day discharge under ERAS protocols.** In addition, persistent cultural preferences for inpatient recovery
in China further contributed to extended stays, despite evidence supporting outpatient robotic procedures.>> Importantly,
complication rates remained comparable between the two groups (2.4% vs 3.5% Clavien-Dindo grade II), confirming
safety equivalence.

From a cost-effectiveness perspective, the KD-RAS group demonstrated a 24% reduction in total hospitalization
expenses (4.1 vs 4.7 million CNY, P <0.001), which can be attributed to several strategic advantages. The use of reusable
instruments allowed for 20 sterilization cycles compared to only 10 for DV-RAS, reducing per-case costs by 38%.%¢
Local manufacturing eliminated 15% import tariffs and 30% maintenance fees, while simplified domestic supply chains
enabled faster consumable replenishment (2 vs 14 days for imported systems).”” These savings persisted even when
excluding hospitalization costs, with surgical expenses alone being significantly lower in the KD-RAS group (1.6 vs
2.1 million CNY, P < 0.001).
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The KD-RAS system offers several distinctive advantages. Its open multi-screen console design enhances the comfort
of the surgeon, reduces intraoperative fatigue, and facilitates real-time surgical observation and teaching. Additionally, it
also has remote surgical capabilities to overcome geographical barriers, thereby improving accessibility to advanced
surgical treatments, as demonstrated by successful case implementations. While this study has demonstrated the efficacy
and safety profile of the KD-RAS system through comparisons of the preoperative, intraoperative, and postoperative
conditions, it still has some limitations. The single-center design and relatively small sample size may affect the
generalizability of the findings. Furthermore, the lack of long - term follow - up data prevents evaluating sustained
clinical outcomes.

Conclusion

This study establishes KD-RAS as a viable, cost-effective alternative to DV-RAS in endometrial cancer surgery.
Technical disparities in operative time diminish with experience, while inherent economic advantages persist. By
contextualizing findings within regional healthcare norms, we provide a roadmap for global adoption of domestic robotic
platforms.
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