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Abstract
Background Total mesorectal excision (TME) with or without neoadjuvant concurrent chemoradiotherapy (CCRT)
is the treatment for rectal cancer (RC). Recently, the use of conventional laparoscopic surgery (LS) or robotic-
assisted surgery (RS) has been on a steady increase cases. However, various oncological outcomes from
different surgical approaches are still under investigation.Materials and methods This is a retrospective
observational study comprising 300 consecutive RC patients who underwent various techniques of TME (RS, n =
88; LS, n = 37; Open surgery, n = 175) at a single center of real world data to compare the pathological and
oncological outcomes, with a median follow-up of 48 months.Results Upon multivariate analysis, histologic
grade ( P =0.048), tumor depth ( P =0.003), and pre-operative CCRT ( P =0.038) were the independent factors of
circumferential resection margin (CRM) involvement. The Kaplan-Meier survival analysis determined RS, early
pathologic stage, negative CRM involvement, and pathologic complete response to be signi�cantly associated
with better overall survival (OS) and disease-free survival (DFS) (all P <0.05). Multivariable analyses observed
the surgical method ( P =0.037), histologic grade ( P =0.006), and CRM involvement ( P =0.043) were the
independent factors of DFS, whereas histologic grade ( P =0.011) and pathologic stage ( P =0.022) were the
independent prognostic variables of OS.Conclusions This study determined that RS TME is feasible because it
has less CRM involvement and better oncological outcomes than the alternatives have. The signi�cant factors
in�uencing CRM and prognosis depended on the histologic grade, tumor depth, and pre-operative CCRT. RS
might be an acceptable option owing to the favorable oncological outcomes for patients with RC undergoing
TME.

Background
Colorectal cancer (CRC) is the third most common cancer worldwide [1]; one type of CRC is rectal cancer (RC),
which is a life-threating disease. The conventional treatment for RC might involve total mesorectal excision
(TME) combined with preoperative neoadjuvant concurrent chemo-radiotherapy (CCRT) and postoperative
adjuvant chemotherapy. TME is a skill-dependent procedure and plays a crucial prognostic role. Previous studies
have revealed that the status of circumferential resection margin (CRM) in�uences the local recurrence and
overall survival [2, 3]. Adequate lymph nodes retrieval also has a close association with prognosis [4]. Therefore,
meticulous TME and adequate lymph node dissection are challenges for the surgeons, especially in cases
presenting after preoperative CCRT or with severe adhesion or �brosis besides an advanced disease stage [5].

With the availability of modern medical facilities and the advancement in surgical techniques, minimally-
invasive surgery has garnered the reputation of being the ideal treatment compared with open surgery. Besides
the conventional laparoscopic surgery (LS), the robotic-assisted surgery (RS) has gradually become an accepted
surgical technique that is considered advantageous. Considering the narrow space of pelvic cavity, RS seems to
have better operation plane �led of the presacral fascia and deep pelvic dissection without injury, less
conversion rate and postoperative complications [6]. Until now, several large, multicenter randomized control
studies had only compared LS with open surgery regarding surgery for RC, with �ndings showing more CRM
involvement rates, worse sexual function, and worse prognosis [7]. However, given the increasing number of RS
with reportedly favorable CRM involvement [8], the oncological outcomes of these three different surgical
methods are still to be de�ned.



Page 3/22

This study retrospectively analyzed a cohort of 300 consecutive patients with RC who underwent TME to
evaluate and compare the oncological outcomes and long-time survival of RS, LS, and open surgery in a real
world data.

Methods
Patient population and clinical data collection

This study was approved by the Institutional Review Board of our hospital (KMUHIRB-E(II)-20170182). Overall,
331 consecutive patients with RC patients who were diagnosed with adenocarcinoma and had undergone
surgical intervention at our hospital between 2013 and 2016 were enrolled. The enrollment criteria included no
previous or concurrent malignancies, no history of previous abdominal surgery for CRC, no evidence of distant
metastasis, presence of complete medical record. However, 31 patients without regular clinical follow-up were
excluded (RS, n = 7; LS, n = 5; Open surgery, n = 19).

All the patients had colonoscopy and an abdominopelvic computed tomography scan to evaluate the clinical
stage preoperatively. The tumor staging was performed according to the staging guidelines published by the
American Joint Committee on Cancer (AJCC) [9]. Patients with clinical T3–4 or nodal involvement received
preoperative CCRT, as per a previous study [10]. The preoperative studies, preparation, and operative procedures
were according to our literature published previously [8, 11, 12]. Then, all patients underwent total mesorectal
excision 8–10 weeks following the completion of long-course CCRT. Surgical method was chosen after shared
decision-making with surgeons and patients. The dissection was extended downward and upward to the root of
the inferior mesenteric artery with high dissection and low ligation by endo clips with preservation of the left
colic artery. The inferior mesenteric vein (IMV) was identi�ed and dissected without ligation. The splenic �exure
of the colon was not mobilized routinely, if its mobilization was dependent on the tension of the anastomosis [8].
The clinical data of all patients were retrospectively collected by reviewing the medical records. All three groups
received the same postoperative care and surveillance, as per previous study principles [13].

 

Pathologic evaluation

All specimens analyzed in this study were available as surgical specimens and had been processed according to
the standard pathologic procedures [14]. All formalin-�xed and para�n-embedded tissue blocks were cut into 3-
μm sections and, than depara�nized and rehydrated. The specimen was recorded by pathologists with the
necessary associated information, including specimen length, tumor size, proximal margin, distal margin,
harvested lymph node number, and completeness of TME. Adequate number of harvested lymph nodes was
de�ned as equal or more than 12 [15].

The hematoxylin and eosin slides were reviewed to con�rm the de�nitive diagnosis and pathologic
characteristics, including disease stage, histologic grade, lymphovascular invasion (LVI), perineural invasion
(PNI), and CRM distance. CRM involvement was de�ned as the distance of 1mm or less from the cancer cells to
the circumferential margin. The pathologic tumor stage was also evaluated according to the AJCC system.
Tumor regression score (TRS) was also evaluated if the patients received preoperative CCRT according to
grading system of College of American Pathologists (CAP). A four-grade scale is recommended and divided into
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grade 0 (complete response), grade 1 (moderate response), grade 2 (minimal response), and grade 3 (poor
response)[9].

 

Statistical analysis

All statistical analyses were performed using the Statistical Package for the Social Sciences, version 24.0 (SPSS
Inc., Chicago, IL, USA). The correlation between clinicopathological factors and treatment groups were evaluated
using the chi-square test for categorical variables and Student’s t test for continuous variables. Univariate and
multivariable logistic regression models were used to evaluate the independent predictors of CRM involvement.
Disease free survival (DFS) and overall survival (OS) were examined using the Kaplan–Meier method, and the
log-rank test was used to compare time-to-event distributions. OS was de�ned as the duration between date of
primary treatment and date of death from any cause or to the last follow‐up date. DFS was de�ned as the
duration between date of primary treatment date to the date of recurrence or metastasis or to the last follow‐up
date. A Cox proportional hazard model was used for multivariable analyses to identify the independent
prognostic factors for OS and DFS. All tests were two-tailed, and a P value of less than 0.05 was considered
statistically signi�cant.

Results
Clinicopathological factors and postoperative outcomes of different surgical methods

Overall, 300 consecutive patients with RC were enrolled in this study, which included 88 patients who underwent
robotic surgery, 37 who underwent laparoscopic surgery, and the remaining 175 patients who underwent open
surgery. Patients’ characteristics are shown in Table 1. No intergroup differences related to sex, age, and tumor
size were observed (all P > 0.05). All specimens were sampled according to standard procedure. The median
follow-up period was 48 ± 16.6, 47.5 ± 22.7, and 48 ± 17.8 months for the RS, LS, and open surgery groups,
respectively.

Overall, the distance to proximal or distal resection margins, TME completeness status, and retrieved lymph node
number were evaluated by pathologists. No signi�cant differences were observed regarding distance to distal
resection margin, TME specimen status, and adequacy of lymph node removal (Table 1, all P < 0.05). Longer
distance to proximal resection margin was identi�ed in LS group (P = 0.004). Notably, the distance to proximal
resection margin was longer in LS (8.8 ± 4.1 cm) compared with RS (6.5 ± 3.3 cm) and open surgery (5.5 ± 4.1
cm) groups (P = 0.038). Lesser number of retrieved lymph nodes (9.0 ± 5.3) was seen in RS group (P = 0.000)
compared with LS (13.0 ± 6.6) and open surgery (14.0 ± 6.6) groups. However, no differences were observed in
the adequacy of lymph node retrieval between these three methods (P = 0.431).

Histologic grade, LVI, PNI, CRM status, and pathologic stage were assessed microscopically. Tumor regression
grade was also investigated in 156 patients who received preoperative CCRT. No differences were observed
regarding histologic grade, PNI, CRM distance, TRS, CR, and postoperative metastasis between these groups (all
P > 0.05). LVI and CRM involvement was more in the LS group (P = 0.006 and P = 0.037, respectively). Advanced
pathologic stage (P = 0.018), deeper tumor invasion (P = 0.005), more lymph node metastasis (P = 0.041), and
postoperative local recurrence (P = 0.001) were also noted more frequently in the LS group. Postoperative local
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recurrence was signi�cantly lower in the RS group compared with the LS and open surgery groups (P < 0.001),
albeit with no differences regarding the postoperative distant metastasis (Table 1).

 

CRM involvement associated with other factors

Concerning the signi�cance of CRM, Table 2 shows the CRM status in relation to other clinicopathological
parameters. Of the 300 patients with RC, 30 (10%) presented with CRM involvement by cancer cells. Pearson’s
correlation coe�cients were calculated to analyze the relationships between CRM status and clinicopathologic
factors. No differences were observed related to age, sex, and CR between CRM involvement and non-
involvement groups (all P > 0.05). Regarding the surgery methods, of 37 patients in the LS group, 6 (16.2%)
showed positive CRM involvement compared with 3 (0.3%) of 88 cases in the RS group and 21 (12%) of 175
cases in the open surgery group (P = 0.037). Larger tumor size (P < 0.001), poorly-differentiated tumor cells (P =
0.001), presence of LVI (P < 0.001), and PNI (P = 0.023) were associated with CRM involvement. Additionally,
advanced pathologic stage and tumor stage were also signi�cantly associated with CRM involvement (both P <
0.001). More CRM involvement was noted in patients with RC who had no preoperative CCRT and higher TRS (P
= 0.002).

The logistic regression modelling was used to assess odds ratio of CRM status using clinicopathologic factors
(Table 3). Upon univariate analysis, the CRM involvement was associated with the surgery method, histologic
grade (P = 0.003), and stage (P < 0.001). The multivariate result showed that histologic grade (P = 0.016) and
stage (P < 0.001) were the independent factors of CRM involvement.

 

Prognostic values in RC patients

Figure 2 revealed that LS was signi�cantly associated with poor OS (P = 0.019); conversely, early stage (P <
0.001), non-CRM involvement (P = 0.007), and lower TRS (P = 0.046) after CCRT were associated with better OS.
12, 13 and 40 patients receiving RS, LS and open surgery expired in the subsequent follow-up period. The overall
survival rate is 86.4%, 64.9% and 77.1%, respectively. The results showed that LS (P < 0.001), advanced
pathologic stage (P < 0.001), positive CRM involvement (P < 0.001), and TRS (P = 0.004) was associated with
worse DFS.

Upon multivariable analyses, the results showed that surgical method (P = 0.037), histologic grade (P = 0.006),
and CRM involvement (P = 0.043) were the independent prognostic factors of DFS in patients with RC, whereas
histologic grade (P = 0.011) and pathologic stage (P = 0.022) were independent prognostic factors of OS (Table
4).

Discussion
RC is a crucial cause of cancer-related deaths worldwide. Preoperative or postoperative chemoradiotherapy is
the gold standard treatment for RC. Moreover, TME is a crucial procedure in the surgical treatment of RC.
However, TME is a skill-dependent procedure and plays a critical role in the prognosis. Previous studies have
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shown that complete TME with adequate circumferential margin (CRM) signi�cantly affects the OS and local
recurrence [2, 3].

The �rst laparoscopic colectomy was performed in 1991[16], which was then performed increasingly by
surgeons as an alternative intervention for achieving better short-term outcome compared with open surgery.
Nevertheless, laparoscopic rectal TME is challenging owing to the limited anatomic pelvic surgical plane, rigidity
of scope, hand tremor of camera-holding assistant, and resolution of two-dimensional visualization. This
shortcoming paved way for the �rst robotic colon surgery in 2002, and this new minimally-invasive system tried
to overcome the disadvantages of the conventional LS and improve the clinical outcomes. Additionally, the
learning curve for RS is reported to be lesser than conventional LS[16, 17]. In current modern medicine, robotic
surgery is considered as a revolutionary procedure and one of the best treatment options for patients with RC.
Previous reviews have shown that robotic-assisted intervention has signi�cant bene�ts in rectal surgery.
Moreover, it can also preserve urinary and sexual functions [18]. Notably, robotic intervention has been widely
used in various cancer surgeries. Therefore, it is imperative to address the oncological outcomes of the three
different surgical TME methods in patients with RC, namely RS, LS, and open surgery.

Our study included 300 consecutive patients with RC, and no intergroup differences related to age and sex were
observed. The LS group had longer proximal resection margin; however, no differences were observed regarding
distal margin, TME status, and adequacy of lymph node retrieval, which was concordant with previous
literatures[19-21]. Regarding the number of harvested lymph nodes, a lesser amount was noted in the RS group,
of which was the same as that observed by Lee et al.[22]. The possible reason for this �nding was a higher
proportion of patients receiving preoperative CCRT in this group. A previous study had revealed that neoadjuvant
chemotherapy was a signi�cant factor for inadequate harvesting of lymph nodes in colon cancer owing to
lymphocyte destruction and post-radiation �brosis[23]. On the other hand, fewer than 12 lymph nodes retrieved
in patients with RC who underwent neoadjuvant radiotherapy was considered to be an excellent indicator of
tumor response, better local lesion control, and a positive prognostic factor. Upon comparing the adequacy of
lymph node retrieval, no differences were observed between the three methods. Microscopically, no differences
were noted regarding the histologic grade, PNI, and CRM distance between the three groups. In addition, LVI and
advanced stage were observed in the LS group, probably because of fewer patients receiving preoperative CCRT
in the LS group because neoadjuvant therapy can decrease the size of tumor cells, besides downstaging or even
causing complete remission after the treatment[24, 25]. However, no differences were noted regarding TRS and
CR among the three groups. More postoperative recurrence was also noted in the LS group, which may be related
to more CRM involvement. Consistent with previous literatures, the evidences also showed the non-inferiority of
LS compared with open surgery for clear CRM and complete TME was not established or supported [26, 27].

Concerning the role of CRM in patients with RC, 10% of our patients had CRM involvement by tumors. More CRM
involvement was identi�ed` in the LS group, larger tumor size, poorly-differentiated histologic grade, presence of
LVI/PNI, advanced pathologic stage, and deeper tumor invasion. Patients with preoperative CCRT and lower TRS
after CCRT were associated with lesser CRM involvement. However, after logistic regression modelling, the
results showed that histologic grade, tumor depth stage, and preoperative CCRT were the independent factors of
CRM involvement. Likewise, Nikberg et al. reported that more CRM involvement was noted in patients with
advanced stage [28]. Accordingly, advanced stage was considered the most crucial factor of CRM involvement in
patients with RC.
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Upon Kaplan-Meier survival analysis, no signi�cance was noted related to age, sex, tumor size, resection margin
(proximal and distal), CCRT status, number of lymph nodes retrieved, and histologic grade (data not shown).
However, surgical methods, advanced pathologic stage, CRM involvement, and TRS after CCRT were all
identi�ed to be signi�cantly associated with OS. The results were concordant with several previous studies[21].
Kim et al. reported that RS had a signi�cant prognostic role for OS and cancer-speci�c survival, thereby
suggesting its potential oncological bene�ts; however, the �nal data showed that histologic grade and
pathologic stage were the independent prognostic markers in patients with RC[29]. Furthermore, we evaluated
the parameters for predicting recurrence by DFS, and it showed surgical methods, CRM involvement, and
histologic grade were independent factors for recurrence in these patients. Our RS group had signi�cantly lower
postoperative local recurrence and better DFS compared with other groups, which was consistent with a previous
54-month follow-up study conducted by Yamaguchi et al.[30]. The probable reason for this may be the less CRM
involvement in RS patients. Ghezzi et al. also demonstrated that their RS group had a relatively low cumulative
local recurrence rate [19]; conversely, several studies showed no differences among these groups, but all of them
had enrolled few patients or had shorter follow-up periods [31-34].

Recent literatures have revealed that less estimated blood loss, faster recovery time, and shorter length of
postoperative stay were observed in RS compared with open surgery[19, 34, 35]. Considering the limited place in
the pelvic area, RS can provide tridimensional view, tremor �ltering, better image resolution, and wider operative
plane owing to the improved technique. RS results in bloodless surgery, less postoperative pain, fewer
conversion rates, nerve-sparing, lower overall complications, and fewer rates of CRM involvement compared with
than LS[19, 36-39]. Furthermore, RS contributes to faster return of bowel movements and oral intake, both of
which decrease the postoperative hospital stay[35, 40]. Thus, based on our investigation, the oncological
outcome of RS was comparatively better than that of LS or open surgery, thereby providing better quality of
treatment. Therefore, robotic-assisted surgery could be a suitable treatment option in patients with RC.

Nonetheless, this cohort study had some limitations. First, it was not a randomized-control trial and the
clinicopathologic analysis was performed retrospectively. Patients without regular follow were excluded, which
may cause selection bias. Second, although no differences were noted related to age and sex in these three
methods, fewer patients were enrolled in LS group, and a higher ratio of CCRT and pathologic complete response
was noted in the RS group, which may be the reason that more positive CRM was identi�ed in LS group.
Therefore, a hidden bias may exist that might in�uence other factors statistically. For adjusting the selection
biases, we used logistic regression modelling of multivariate analysis to analyze the CRM status and prognosis
factors. Tumor stage and histologic grade were con�rmed to play the most signi�cant role in CRM involvement.
Third, the clinical data of operative or post-operative complications were not analyzed together in this study. The
complication rate of these three surgical methods in our hospital is around 21%, including bleeding, intra-
abdominal abscess or infection, ileus, anastomosis leakage, urethral injury and pulmonary complication
according to our previous research[41]. But most of complications can be managed by conservative treatment;
therefore, it would not clearly affect the timing of adjuvant chemotherapy.

Conclusions
Robotic-assisted TME probably provides a favorable local disease control rate and DFS without compromising
on the oncological outcomes compared with LS or open surgery method. Nevertheless, robotic surgery might be
an acceptable option that could be a bene�cial surgical intervention in patients with RC



Page 8/22

Abbreviations
TME: Total mesorectal excision

CCRT: concurrent chemoradiotherapy

RC: rectal cancer

LS: laparoscopic surgery

RS: robotic-assisted surgery

CRM: circumferential resection margin

OS: overall survival 

DFS: disease-free survival

CRC: Colorectal cancer

AJCC: American Joint Committee on Cancer

TRS: Tumor regression score

Declarations
Ethics approval and consent to participate

This study was approved by the Institutional Review Board of our hospital (KMUHIRB-E(II)-20170182) 

Consent for publication

No applicable 

Availability of data and material

No applicable 

Competing interests

No applicable 

Funding 

This work was supported by grants through funding from the Ministry of Science and Technology (MOST107-
2320-B-037-018, MOST108-2321-B-037-001, MOST107-2321-B-037-003, MOST107-2314-B-037-116, MOST107-
2314-B-037-022-MY2, MOST107-2314-B-037-023-MY2) and the Ministry of Health and Welfare (MOHW107-TDU-
B-212-123006, MOHW107-TDU-B-212-114026B, MOHW108-TDU-B-212-133006, MOHW108-TDU-B-212-124026)
funded by Health and welfare surcharge of tobacco products, and the Kaohsiung Medical University Hospital
(KMUH107-7R87, KMUH107-7R28, KMUH107-7R29, KMUH107-7R30, KMUH107-7M22, KMUH107-7M23,



Page 9/22

KMUHS10701, KMUHS10801, KMUHS10804, KMUHS10807), the Kaohsiung Medical University (KMU-Q108003)
and Center for Cancer Research, Kaohsiung Medical University (KMU-TC108A04). In addition, this study was
supported by the Grant of Taiwan Precision Medicine Initiative and Biomarker Discovery in Major Diseases of
Taiwan Project (AS-BD-108-1), Academia Sinica, Taiwan, R.O.C. 

Authors' contributions

YT chen wrote this manuscript.

YT chen and CY Chai contributed to diagnosis of pathology.

CW Huang, CJ Ma and HL Tsai reviewed the clinical data.

YS Yeh and WC Su performed the statistical analysis.

Jaw-yuan Wang revised the manuscript.

All authors read and approved the �nal manuscript. 

Acknowledgements

No applicable

References
1. Fitzmaurice C, Allen C, Barber RM, Barregard L, Bhutta ZA, Brenner H ,et al. Global, Regional, and National

Cancer Incidence, Mortality, Years of Life Lost, Years Lived With Disability, and Disability-Adjusted Life-years
for 32 Cancer Groups, 1990 to 2015: A Systematic Analysis for the Global Burden of Disease Study. JAMA
Oncol. 2017;3(4):524-48.DOI:10.1001/jamaoncol.2016.5688.

2. Birbeck KF, Macklin CP, Ti�n NJ, Parsons W, Dixon MF, Mapstone NP ,et al. Rates of circumferential
resection margin involvement vary between surgeons and predict outcomes in rectal cancer surgery. Ann
Surg. 2002;235(4):449-57.DOI.

3. Nagtegaal ID, Quirke P. What is the role for the circumferential margin in the modern treatment of rectal
cancer? J Clin Oncol. 2008;26(2):303-12.DOI:10.1200/jco.2007.12.7027.

4. Bhatti AB, Akbar A, Hafeez A, Syed AA, Khattak S, Jamshed A ,et al. Impact of lymph node ratio and number
on survival in patients with rectal adenocarcinoma after preoperative chemo radiation. Int J Surg.
2015;13(65-70.DOI:10.1016/j.ijsu.2014.11.038.

5. Marijnen CA, Kapiteijn E, van de Velde CJ, Martijn H, Steup WH, Wiggers T ,et al. Acute side effects and
complications after short-term preoperative radiotherapy combined with total mesorectal excision in primary
rectal cancer: report of a multicenter randomized trial. J Clin Oncol. 2002;20(3):817-
25.DOI:10.1200/jco.2002.20.3.817.

�. Baik SH, Kwon HY, Kim JS, Hur H, Sohn SK, Cho CH ,et al. Robotic versus laparoscopic low anterior resection
of rectal cancer: short-term outcome of a prospective comparative study. Ann Surg Oncol. 2009;16(6):1480-
7.DOI:10.1245/s10434-009-0435-3.



Page 10/22

7. Jayne DG, Guillou PJ, Thorpe H, Quirke P, Copeland J, Smith AM ,et al. Randomized trial of laparoscopic-
assisted resection of colorectal carcinoma: 3-year results of the UK MRC CLASICC Trial Group. J Clin Oncol.
2007;25(21):3061-8.DOI:10.1200/jco.2006.09.7758.

�. Huang CW, Yeh YS, Su WC, Tsai HL, Choy TK, Huang MY ,et al. Robotic surgery with high dissection and low
ligation technique for consecutive patients with rectal cancer following preoperative concurrent
chemoradiotherapy. Int J Colorectal Dis. 2016;31(6):1169-77.DOI:10.1007/s00384-016-2581-y.

9. Mace AG, Pai RK, Stocchi L, Kalady MF. American Joint Committee on Cancer and College of American
Pathologists regression grade: a new prognostic factor in rectal cancer. Dis Colon Rectum. 2015;58(1):32-
44.DOI:10.1097/dcr.0000000000000266.

10. Huang CM, Huang CW, Huang MY, Lin CH, Chen CF, Yeh YS ,et al. Coexistence of perineural invasion and
lymph node metastases is a poor prognostic factor in patients with locally advanced rectal cancer after
preoperative chemoradiotherapy followed by radical resection and adjuvant chemotherapy. Med Princ Pract.
2014;23(5):465-70.DOI:10.1159/000363604.

11. Tsai HL, Chen MJ, Yeh YS, Chen CW, Sun LC, Lu CY ,et al. Comparison of mini laparotomy with conventional
laparotomy as the surgical approach in stage I-III CRC patients: appealing outcomes.
Hepatogastroenterology. 2012;59(119):2132-6.DOI:10.5754/hge11953.

12. Huang CW, Tsai HL, Yeh YS, Su WC, Huang MY, Huang CM ,et al. Robotic-assisted total mesorectal excision
with the single-docking technique for patients with rectal cancer. BMC Surg.
2017;17(1):126.DOI:10.1186/s12893-017-0315-x.

13. Chen CF, Lin YC, Tsai HL, Huang CW, Yeh YS, Ma CJ ,et al. Short- and long-term outcomes of laparoscopic-
assisted surgery, mini-laparotomy and conventional laparotomy in patients with Stage I-III colorectal cancer.
J Minim Access Surg. 2018;14(4):321-34.DOI:10.4103/jmas.JMAS_155_17.

14. JA K. Histological and Histochemical Methods: Theory and Practice. 4th ed. Bloxham, UK: Scion. 2008.

15. MB A. American Joint Committee on Cancer, American Cancer Society. AJCC cancer staging manual. Eight
edition. Chicago, IL American Joint Committee on Cancer, Springer 2017.

1�. Huang CW, Yeh YS, Ma CJ, Choy TK, Huang MY, Huang CM ,et al. Robotic colorectal surgery for laparoscopic
surgeons with limited experience: preliminary experiences for 40 consecutive cases at a single medical
center. BMC Surg. 2015;15(73.DOI:10.1186/s12893-015-0057-6.

17. Huang YM, Huang YJ, Wei PL. Outcomes of robotic versus laparoscopic surgery for mid and low rectal
cancer after neoadjuvant chemoradiation therapy and the effect of learning curve. Medicine (Baltimore).
2017;96(40):e8171.DOI:10.1097/md.0000000000008171.

1�. Luca F, Valvo M, Ghezzi TL, Zuccaro M, Cenciarelli S, Trovato C ,et al. Impact of robotic surgery on sexual
and urinary functions after fully robotic nerve-sparing total mesorectal excision for rectal cancer. Ann Surg.
2013;257(4):672-8.DOI:10.1097/SLA.0b013e318269d03b.

19. Ghezzi TL, Luca F, Valvo M, Corleta OC, Zuccaro M, Cenciarelli S ,et al. Robotic versus open total mesorectal
excision for rectal cancer: comparative study of short and long-term outcomes. Eur J Surg Oncol.
2014;40(9):1072-9.DOI:10.1016/j.ejso.2014.02.235.

20. Ohtani H, Maeda K, Nomura S, Shinto O, Mizuyama Y, Nakagawa H ,et al. Meta-analysis of Robot-assisted
Versus Laparoscopic Surgery for Rectal Cancer. In Vivo. 2018;32(3):611-23.DOI:10.21873/invivo.11283.



Page 11/22

21. Sun Z, Kim J, Adam MA, Nussbaum DP, Speicher PJ, Mantyh CR ,et al. Minimally Invasive Versus Open Low
Anterior Resection: Equivalent Survival in a National Analysis of 14,033 Patients With Rectal Cancer. Ann
Surg. 2016;263(6):1152-8.DOI:10.1097/sla.0000000000001388.

22. Lee SH, Kim DH, Lim SW. Robotic versus laparoscopic intersphincteric resection for low rectal cancer: a
systematic review and meta-analysis. Int J Colorectal Dis. 2018;33(12):1741-53.DOI:10.1007/s00384-018-
3145-0.

23. Mullen MG, Shah PM, Michaels AD, Hassinger TE, Turrentine FE, Hedrick TL ,et al. Neoadjuvant
Chemotherapy Is Associated with Lower Lymph Node Counts in Colon Cancer. Am Surg. 2018;84(6):996-
1002.DOI.

24. van Gijn W, Marijnen CA, Nagtegaal ID, Kranenbarg EM, Putter H, Wiggers T ,et al. Preoperative radiotherapy
combined with total mesorectal excision for resectable rectal cancer: 12-year follow-up of the multicentre,
randomised controlled TME trial. Lancet Oncol. 2011;12(6):575-82.DOI:10.1016/s1470-2045(11)70097-3.

25. Huang MY, Huang CW, Wang JY. Surgical treatment following neoadjuvant chemoradiotherapy in locally
advanced rectal cancer. Kaohsiung J Med Sci. 2019;10.1002/kjm2.12161.

2�. Fleshman J, Branda M, Sargent DJ, Boller AM, George V, Abbas M ,et al. Effect of Laparoscopic-Assisted
Resection vs Open Resection of Stage II or III Rectal Cancer on Pathologic Outcomes: The ACOSOG Z6051
Randomized Clinical Trial. Jama. 2015;314(13):1346-55.DOI:10.1001/jama.2015.10529.

27. Stevenson AR, Solomon MJ, Lumley JW, Hewett P, Clouston AD, Gebski VJ ,et al. Effect of Laparoscopic-
Assisted Resection vs Open Resection on Pathological Outcomes in Rectal Cancer: The ALaCaRT
Randomized Clinical Trial. Jama. 2015;314(13):1356-63.DOI:10.1001/jama.2015.12009.

2�. Nikberg M, Kindler C, Chabok A, Letocha H, Shetye J, Smedh K. Circumferential resection margin as a
prognostic marker in the modern multidisciplinary management of rectal cancer. Dis Colon Rectum.
2015;58(3):275-82.DOI:10.1097/dcr.0000000000000250.

29. Kim J, Baek SJ, Kang DW, Roh YE, Lee JW, Kwak HD ,et al. Robotic Resection is a Good Prognostic Factor in
Rectal Cancer Compared with Laparoscopic Resection: Long-term Survival Analysis Using Propensity Score
Matching. Dis Colon Rectum. 2017;60(3):266-73.DOI:10.1097/dcr.0000000000000770.

30. Yamaguchi T, Kinugasa Y, Shiomi A, Kagawa H, Yamakawa Y, Furutani A ,et al. Oncological outcomes of
robotic-assisted laparoscopic versus open lateral lymph node dissection for locally advanced low rectal
cancer. Surg Endosc. 2018;32(11):4498-505.DOI:10.1007/s00464-018-6197-x.

31. Yoo BE, Cho JS, Shin JW, Lee DW, Kwak JM, Kim J ,et al. Robotic versus laparoscopic intersphincteric
resection for low rectal cancer: comparison of the operative, oncological, and functional outcomes. Ann
Surg Oncol. 2015;22(4):1219-25.DOI:10.1245/s10434-014-4177-5.

32. Baek SJ, Al-Asari S, Jeong DH, Hur H, Min BS, Baik SH ,et al. Robotic versus laparoscopic coloanal
anastomosis with or without intersphincteric resection for rectal cancer. Surg Endosc. 2013;27(11):4157-
63.DOI:10.1007/s00464-013-3014-4.

33. Kang J, Yoon KJ, Min BS, Hur H, Baik SH, Kim NK ,et al. The impact of robotic surgery for mid and low rectal
cancer: a case-matched analysis of a 3-arm comparison--open, laparoscopic, and robotic surgery. Ann Surg.
2013;257(1):95-101.DOI:10.1097/SLA.0b013e3182686bbd.

34. Quero G, Rosa F, Ricci R, Fiorillo C, Giustiniani MC, Cina C ,et al. Open versus minimally invasive surgery for
rectal cancer: a single-center cohort study on 237 consecutive patients. Updates Surg.



Page 12/22

2019;10.1007/s13304-019-00642-3.

35. Kim CW, Kim CH, Baik SH. Outcomes of robotic-assisted colorectal surgery compared with laparoscopic and
open surgery: a systematic review. J Gastrointest Surg. 2014;18(4):816-30.DOI:10.1007/s11605-014-2469-5.

3�. Wang Y, Zhao GH, Yang H, Lin J. A Pooled Analysis of Robotic Versus Laparoscopic Surgery for Total
Mesorectal Excision for Rectal Cancer. Surg Laparosc Endosc Percutan Tech. 2016;26(3):259-
64.DOI:10.1097/sle.0000000000000263.

37. Zawadzki M, Krzystek-Korpacka M, Rzaca M, Czarnecki R, Obuszko Z, Witkiewicz W. Introduction of Robotic
Surgery into a Community Hospital Setting: A Prospective Comparison of Robotic and Open Colorectal
Resection for Cancer. Dig Surg. 2017;34(6):489-94.DOI:10.1159/000456085.

3�. Bianchi PP, Petz W, Luca F, Bi� R, Spinoglio G, Montorsi M. Laparoscopic and robotic total mesorectal
excision in the treatment of rectal cancer. Brief review and personal remarks. Front Oncol.
2014;4(98.DOI:10.3389/fonc.2014.00098.

39. Cui Y, Li C, Xu Z, Wang Y, Sun Y, Xu H ,et al. Robot-assisted versus conventional laparoscopic operation in
anus-preserving rectal cancer: a meta-analysis. Ther Clin Risk Manag. 2017;13(1247-
57.DOI:10.2147/tcrm.s142758.

40. Baik SH, Ko YT, Kang CM, Lee WJ, Kim NK, Sohn SK ,et al. Robotic tumor-speci�c mesorectal excision of
rectal cancer: short-term outcome of a pilot randomized trial. Surg Endosc. 2008;22(7):1601-
8.DOI:10.1007/s00464-008-9752-z.

41. Park SY, Choi GS, Park JS, Kim HJ, Choi WH, Ryuk JP. Robotic-assisted transabdominal intersphincteric
resection: a technique involving a completely abdominal approach and coloanal anastomosis. Surg
Laparosc Endosc Percutan Tech. 2013;23(1):e5-10.DOI:10.1097/SLE.0b013e318275b27a.

Tables

Table 1 Baseline characteristics and pathologic outcomes of rectal cancer patients in RS, LS and

open surgery groups
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Variable n RS (%) LS (%) Open

surgery (%)

P value

All 300 N=88

(29.33%)

37

(12.33%)

175

(58.33%)

 

Age (years, median±SD)   62±12.1 60±11.1 64±10.4 0.058

Gender         0.253

  male 192

(64%)

54 (61.4%) 20

(54.1%)

118 (67.4%)  

  female 108(36%) 34 (38.6%) 17(45.9%) 57 (32.6%)  

Tumor size         0.201

  >5cm 55

(18.3%)

11 (12.5%) 9 (24.3%) 35 (20%)  

  ≦5cm 245

(81.7%)

77 (87.5%) 28

(76.7%)

140 (80%)  

Distance to resection margin (cm,

median±SD)

         

  proximal   6.5±3.3 8.8±4.1 5.5±4.1 0.038*

  distal   2.3±1.5 2.5±2.4 2.2±1.9 0.679

Distal resection margin         0.794

  >2cm 182

(60.7%)

56 (63.6%) 22

(59.5%)

104 (59.4%)  

  ≦2cm 118

(39.3%)

32 (36.4%) 15

(40.5%)

71 (40.6%)  

Number of retrieval LN

(median±SD)

  9.0±5.3 13.0±6.6 14.0±6.6 <0.001*

Retrieval lymph nodes         0.417

Adequate 274

(91.3%)

78 (88.6%) 33

(89.3%)

163 (93.1%)  

inadequate 26 (8.7%) 10 (11.4%) 4 (10.7%) 12 (6.9%)  

Pre-operative CCRT         <0.001*

  yes 156

(52%)

72 (81.8%) 15

(40.5%)

69 (39.4%)  
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  no 144

(48%)

16 (18.2%) 22

(59.5%)

106 (60.6%)  

Histologic grade         0.158

  WD 35

(11.7%)

14 (15.9%) 2 (5.4%) 19 (10.9%)  

  MD 251

(83.7%)

67 (76.1%) 34

(91.9%)

150 (85.7%)  

  PD 14 (4.7%) 7 (8%) 1 (2.7%) 6 (3.4%)  

LVI         0.006*

  yes 109

(36.3%)

21 (23.9%) 19

(51.4%)

69 (39.4%)  

  no 191

(63.7%)

67 (76.1%) 18

(48.6%)

106 (60.6%)  

PNI         0.058

  yes 70

(23.3%)

16 (18.2%) 14

(37.8%)

40 (22.9%)  

  no 230

(76.7%)

72 (81.8%) 23

(62.2%)

135 (77.1%)  

CRM (mm, median±SD)   8.0±6.4 5.0±7.8 5.0±7.2 0.118

CRM involvement         0.037*

  yes 30 (10%) 3 (3.4%) 6 (16.2%) 21 (12%)  

  no 270

(90%)

85 (96.6%) 31

(83.8%)

154 (88%)  

pStage (AJCC 7th edition)         0.014*

  pCR 50

(16.7%)

24 (27.3%) 5

(13.5%)?

21 (12%)  

  I 82

(27.3%)

27 (30.7%) 9 (24.3%) 46 (26.3%)  

  II 73

(24.3%)

17 (19.3%) 7 (18.9%) 49 (28%)  

  III 95

(31.7%)

20 (22.7%) 16

(43.2%)

59 (33.7%)  
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Tumor depth         0.005*

  (y)pT0 53

(17.7%)

26 (29.5%) 5 (13.5%) 22 (12.6%)  

  (y)pT1 31

(10.3%)

13 (14.8%) 2 (5.4%) 16 (9.1%)  

  (y)pT2 71

(23.7%)

19 (21.6%) 11

(29.7%)

41 (23.4%)  

  (y)pT3 145

(48.3%)

30 (34.1%) 19

(51.4%)

96 (54.9%)  

Lymph node metastasis         0.041*

  (y)pN0 205

(68.3%)

68 (77.3%) 21

(56.8%)

116 (66.3%)  

  (y)pN1 66 (22%) 18 (20.5%) 10 (27%) 38 (21.7%)  

  (y)pN2 29 (9.7%) 2 (2.2%) 6 (16.2%) 21 (12%)  

Tumor regression score after

CCRT

        0.784

  0 50

(32.1%)

24 (33.3%) 5 (33.3%) 21 (30.4%)  

  1 61

(39.1%)

32 (44.4%) 5 (33.3%) 24 (34.8%)  

  2 34

(21.8%)

12 (16.7%) 4 (26.7%) 18 (26.1%)  

  3 11 (7.1%) 4 (5.6%) 1 (6.7%) 6 (8.7%)  

Pathologic complete response

after CCRT

        0.928

  yes 50

(32.1%)

24 (33.3%) 5 (33.3%) 21 (30.4%)  

  no 106

(67.9%)

48 (66.7%) 10

(66.7%)

48 (69.6%)    

Post-operative distant metastasis         0.151

  yes 68

(22.7%)

19 (21.6%) 13

(35.1%)

36 (20.6%)  
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  no 232

(77.3%)

69 (78.4%) 24

(64.9%)

139 (79.4%)  

Post-operative local recurrence         <0.001*

  yes 22 (7.3%) 2 (2.3%) 8 (21.6%) 12 (6.9%)  

  no 278

(92.7%)

86 (97.7%) 29

(78.4%)

163 (93.1%)  

RS: robotic surgery; LS: laparoscopic surgery; LN: lymph node; WD: well-differentiated; MD:

moderately-differentiated; PD: poorly-differentiated; LVI: lymphovascular invasion; PNI:

perineural invasion; LN: lymph node; CRM: circumferential margin; AJCC: American Joint

Commission on Cancer; pCR: pathologic complete response; CCRT: concurrent chemoradiotherapy;

*P <0.05

Table 2 Baseline characteristics and pathologic outcomes of rectal cancer patients by CRM

involvement status
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    CRM involvement

Variable n Yes No  

All 300 30 (10%) 270 (90%) P value

Age   60.0±12.4 63.0±10.9 0.185

Gender       0.262

female 108 (36%) 8 (7.4%) 100 (92.6%)  

male 192 (64%) 22 (11.5%) 170 (88.5%)  

Surgery method       0.037*

RS 88 (29.3%) 3 (3.4%) 85 (96.6%)  

LS 37 (12.3%) 6 (16.2%) 31 (83.8%)  

Open surgery 175 (58.3%) 21 (12%) 154 (88%)  

Tumor size       <0.001*

>5cm 55 (18.3%) 14 (25.5%) 41 (74.5%)  

≦5cm 245 (81.7%) 16 (6.5%) 229 (93.5%)  

Histologic grade       0.001*

WD 35 (11.7%) 0 (0%) 35 (100%)  

MD 251 (83.7%) 25 (10.0%) 226 (90.0%)  

PD 14 (4.7%) 5 (35.7%) 9 (64.3%)  

LVI       <0.001*

yes 109 (36.3%) 24 (22.0%) 85 (78.0%)  

no 191 (63.7%) 6 (3.1%) 185 (96.9%)  

PNI       0.023*

yes 70 (23.3%) 12 (17.1%) 58 (82.9%)  

no 230 (76.7%) 18 (7.8%) 212 (92.2%)  

Stage       <0.001*

pCR 50 (16.7%) 0 (0%) 50(100%)  

I 82 (27.3%) 1 (1.2%) 81 (98.8%)  

II 73 (24.3%) 7 (9.6%) 66 (90.4%)  

III 95 (31.7%) 22 (23.2%) 73 (76.8%)  

Tumor depth       <0.001*

(y)pT0 53 (17.7%) 0 (0%) 53 (100%)  

  (y)pT1 31 (10.3%) 0 (0%) 31 (100%)  
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  (y)pT2 71 (23.7%) 1 (1.4%) 70 (98.6%)  

  (y)pT3 145 (48.3%) 29 (20%) 116 (80%)  

Pre-OP CCRT       <0.001*

yes 156 (52%) 4 (2.6%) 152 (97.4%)  

no 144 (48%) 26 (18.1%) 118 (81.9%)  

TRS after CCRT 156 4 (2.6%) 152 (97.4%) 0.002*

0 50 (32.05%) 0 (0%) 50 (100%)  

1 61 (29.10%) 0 (0%) 61 (100%)  

2 34 (21.9%) 2 (5.9%) 32 (94.1%)  

3 11 (7.1%) 2 (18.2%) 9 (81.8%)  

CR after CCRT 156 4 (2.6%) 152 (97.4%) 0.164

yes 50 (32.1%) 0 (0%) 50 (100%)  

no 106 (67.9%) 4 (3.8%) 102 (96.2%)  

CRM: circumferential margin; SD: standard deviation; OR: odds ratio; CI: confidence interval; RS:

robotic surgery; LS: laparoscopic surgery; CCRT: concurrent chemoradiotherapy; WD: well-

differentiated; MD: moderately-differentiated; PD: poorly-differentiated; LVI: lymphovascular

invasion; PNI: perineural invasion; AJCC: American Joint Commission on Cancer; pCR: pathologic

complete response; OP: operative, TRS: tumor regression score; *P <0.05

Table 3  Univariate and multivariable analysis to predict  CRM involvement for rectal cancer

patients

Univariate   Multivariate

meters OR (95% CI) P value   OR (95% CI) P value

ry method   0.057     0.069

vs. LS 1.292-23.276 0.021*   1.17-18.87 0.029*

vs. Open surgery 1.120-13.329 0.032*   0.435-3.62 0.674

ogic grade (WD+MD vs. PD) 1.804-18.644 0.003*   1.38-22.22 0.016*

(0-II vs. III) 3.164-17.408 <0.001*   2.44-14.08 <0.001*

CRM: circumferential margin; SD: standard deviation; OR: odds ratio; CI: confidence interval; RS:

robotic surgery; LS: laparoscopic surgery;  WD: well-differentiated; MD: moderately-
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differentiated; PD: poorly-differentiated, *P <0.05

Table 4 Univariate and multivariate analysis of prognostic indicators to predict disease-free

survival and overall survival for rectal cancer patients
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  Disease-free survival   Overall survival

  Univariate analysis Multivariate

analysis

  Univariate Multivariate

Covariate HR (95%

CI)

P value HR

(95%

CI)

P

value

  HR

(95%

CI)

P value HR

(95%

CI)

P

value

Gender (female

vs. male)

0.536-

1.358

0.504 0.332-

1.567

0.409   0.546-

1.496

0.694 0.294-

1.632

0.401

Age (≦65 y/o

vs. >65 y/o)

0.532-

1.313

0.436 0.681-

3.732

0.283   0.450-

1.194

0.212 0.296-

1.729

0.457

Surgical

method

  0.001*   0.037*     0.024*   0.127

RS vs. LS 1.176-

4.016

0.013* 1.163-

6.024

0.020*   0.846-

2.967

0.015* 1.033-

6.132

0.042*

  RS vs. Open

surgery

1.071-

3.261

0.028* 0.457-

3.268

0.690   0.279-

1.015

0.055 0.492-

6.384

0.382

Tumor size (≦5

vs. >5cm)

1.111-

3.303

0.018* 0.614-

12.201

0.187   0.380-

1.174

0.161 0.090-

2.001

0.279

CRM

involvement (no

vs. yes)

2.505-

7.788

<0.001* 1.053-

23.806

0.043*   1.236-

4.427

0.009* 0.563-

48.181

0.146

Tumor

grade (WD/MD

vs. PD)

1.345-

6.403

0.007* 1.717-

27.106

0.006*   1.143-

6.217

0.023* 1.554-

28.879

0.011*

LVI (no vs. yes) 1.357-

3.318

0.001* 0.015-

11.118

0.596   1.441-

3.834

0.001* 0.012-

1.890

0.144

PNI (no vs. yes) 1.699-

4.288

<0.001* 0.998-

6.835

0.051   1.734-

4.740

<0.001* 0.625-

5.266

0.273

pT stage (T1-2

vs. T3)

1.5744.502 <0.001* 0.269-

1.665

0.388   1.505-

4.259

<0.001* 0.290-

2.202

0.665

Pathologic

stage (stage 0-

1.429-

3.496

<0.001* 0.230-

155.766

0.282   1.480-

3.919

<0.001* 1.497-

178.914

0.022*
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II vs. III)

TRS (0-1 vs. 2-

3)

1.331-

4.864

0.005* 0.626-

2.831

0.457   1.014-

4.199

0.046* 0.400-

2.157

0.864

pCR (yes vs.

no)

1.563-

12.478

0.005* 0.117-

1.304

0.127   0.101-

0.828

0.021* 0.135-

1.585

0.220

CI: confidence interval; RS: robotic surgery; LS: laparoscopic surgery; CRM: circumferential

margin; WD: well-differentiated; MD: moderately-differentiated; PD: poorly-differentiated; LVI:

lymphovascular invasion; PNI: perineural invasion; LN: lymph node; OP: operative; TRS: tumor

regression score; pCR: pathological complete response; *P<0.05

Figures

Figure 1

Flow chart of the enrollment of study (RS: robotic surgery; LS: laparoscopic surgery).
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Figure 2

. Kaplan-Meier method analyzed overall survival of (A) surgical methods (RS: robotic surgery; LS: laparoscopic
surgery; open surgery), (B) tumor stage (pCR: pathologic complete response), (C) CRM (circumferential resection
margin) status, (D) tumor regression score (TRS). Kaplan-Meier method analyzed disease-free survival of: (E)
surgical methods, (F) tumor stage, (G) CRM status, and (H) TRS.


