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Available prediction scores of conversion 
for laparoscopic rectal cancer surgery seem 
to be unsuitable for nowadays rectal cancer 
management
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Abstract 

Introduction: This study aimed to externally evaluate the accuracy of four predictive scores for conversion to open 
surgery after rectal laparoscopic resection. None of the four scores achieved external validation previously.

Methods: This was a retrospective analysis of two prospectively maintained databases from two academic centers 
in France and Morocco. All consecutive patients who underwent laparoscopic resection for rectal adenocarcinoma 
between 2005 and 2020 were included. Logistic regression was used to assess the association between the factors 
present in the four scores and conversion. The accuracy of each score was assessed using the area under the curve 
(AUC). Observed and predicted conversion rates were compared for each score using the Chi‑square goodness‑of‑fit 
test.

Results: Four hundred patients were included. There were 264 men (66%) with a mean age of 65.95 years (standard 
deviation 12.2). The median tumor height was 7 cm (quartiles 4–11) and 29% of patients had low rectal tumors. Con‑
version rate was 21.75%. The accuracy to predict conversion was low with an AUC lower than 0,62 for the four models. 
The observed conversion rates were significantly different from the predicted rates, except for one score.

Conclusions: The four models had low accuracy in predicting the conversion to open surgery for laparoscopic rectal 
resection. There is a need for new well‑designed studies, analyzing more specific variables, in a multicentric design to 
ensure generalizability of the results for daily surgical practice.
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Introduction
The worldwide adoption of laparoscopy as the “Gold 
Standard” for rectal cancer surgery has been slower than 
other oncologic digestive procedures such as colonic can-
cer [1], due to the specific technical difficulties of rectal 

surgery and the long duration to complete the learning 
curve [2]. In the first randomized controlled trial com-
paring laparoscopic and open surgery for colorectal can-
cer, the conversion rate in the laparoscopic group was 
34% [2]. Since then, conversion rates in the literature 
have decreased but remain relatively high. For example, 
in the recent COLOR 2 trial, conversion rate was 17% [3].

Conversion to open is used as an indicator for rectal 
laparoscopic surgery success and to assess the learning 
curve for individual surgeons [4]. Laparoscopic surgery 
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for rectal cancer is associated with better postoperative 
outcomes such as less pain, quick recovery, and shorter 
hospital stay [1]. However, conversion has been associ-
ated with worse postoperative outcomes [5]. Therefore, 
being able to predict the risk of conversion before surgery 
is important to decide whether laparoscopy is suitable or 
not and to provide patients with better information about 
potential surgical outcomes and prognosis.

In the literature, few scores have been proposed to 
predict the risk of conversion of laparoscopic colorec-
tal surgeries, with only one focusing specifically on rec-
tal cancers [6–9]. The university of Toronto model was 
developed in 2000 by Schlachta et al. Logistic regression 
analysis allowed the score creation based on 3 criteria 
that were found to be strongly associated with conver-
sion: malignancy, patient weight, and surgeon experience 
[9]. The Cleveland model developed by Tekkis et al. pro-
posed a score including 6 factors linked the most with 
conversion: body mass index (BMI) American Society 
of Anesthesiologists (ASA) grade, type of surgery (right-
sided, left-sided, low rectal, and others), intra-abdominal 
fistula, intra-abdominal abscess, and surgeon seniority 
[8]. Both models were validated within their respective 
institutions by using a split-sample validation. The Vac-
caro model from Argentina was also developed using 
logistic regression, and included Male gender, Body sur-
face area ≥ 1.8, and rectal disease. Internal validation 
was fulfilled by using bootstrapping [6]. Zhang et  al. 
from China performed a multiple regression analysis to 
propose a score made of six variables that were linked 
to a higher risk of conversion: male gender, surgical 
experience, abdominal surgery antecedent, BMI, tumor 
diameter, and tumor invasion or metastasis. The model 
validation was performed on 50 patients who underwent 
rectal laparoscopic surgery [7].

Although all these scores were validated internally, 
external validation remains the first step before applying 
them broadly in general clinical practice. Therefore, this 
study aimed to evaluate externally and compare the per-
formance of these four scores, to identify the best con-
version predictive score for rectal cancer laparoscopic 
procedures.

Methods
This study is reported according to the STROBE 
(Strengthening the Reporting of Observational Studies in 
Epidemiology) guidelines for observational studies [10]. 
This study was approved by the local comity of informat-
ics and liberty (CIL) (n° 2020-067) in Tours, according to 
French law (Code de la santé publique, Article R1121-1 
Modified by Décret n°2017-884 du 9 Mai 2017—art.2) 
and by the institutional review board of National Insti-
tute of Oncology waiving ethical approval according to 

the Moroccan law Moroccan law (Law 28/13—art.2). All 
procedures in studies involving human participants were 
performed according to the ethical standards of the insti-
tutional and/or national research committee and with the 
1964 Helsinki declaration and its later amendments or 
comparable ethical standards. Written informed consent 
was obtained from all individual participants included in 
the study.

Study design and setting study
This was a retrospective study conducted from 2 pro-
spectively maintained institutional rectal cancer surgery 
databases at two academic centers in France (Depart-
ment of Digestive, Oncological, Endocrine, Hepato-Bil-
iary, Pancreatic, and Liver Transplant Surgery, Trousseau 
Hospital, Tours) and Morocco (Digestive surgical oncol-
ogy department at the National Institute of Rabat).

Participants
The study included all consecutive adult patients 
(> 18  years-old) who underwent laparoscopic surgery 
for primary rectal adenocarcinoma (within 15  cm from 
the anus at rigid endoscopy) with a curative intention 
between January 2005 and December 2019 in both cent-
ers. Patients who underwent a palliative resection, who 
had a single port technique, or a hand assisted technique 
or robotic surgery were not included. All patients were 
treated according to the French guidelines of rectal can-
cer management [11]. Patients with high rectal adeno-
carcinoma underwent partial mesorectal excision, with 
at least 5  cm distal margin. Patients with mid and low 
rectal adenocarcinomas underwent complete mesorectal 
excision. When a 1 cm distal margin could be achieved, a 
sphincter preserving surgery was done. Radiochemother-
apy was indicated for T3, T4 or/and node positive mid 
and low rectal tumors.

Collection data procedure
All socio-demographic and therapeutic data were 
extracted for rectal cancer patients: age, gender, tumor 
location, histological subtype, Tumor-Node-Metastasis 
(TNM) staging, and treatment. All predictive risk con-
version scores and calculating methods were taken from 
previously published studies [6–8,  9]. Our database 
included all the information needed to calculate the 4 
scores.

The university of Toronto model contains 3 factors: 
malignancy (0 or 1 point), patient weight (0 to 2 points) 
and surgeon experience (0 or 1 point) [9]. The total score 
ranges from 0 to 4 points and is associated with a predic-
tive risk of conversion ranging from 1.1% to 49,7%. The 
Cleveland model includes 6 factors: body mass index (0 to 
0.8 points) American Society of Anesthesiologists grade 
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(0 to 1.8 points), type of surgery (right-sided, left-sided, 
low rectal, and others) (0 to 2.2 points), intra-abdominal 
fistula (0 to 1.6 points), intra-abdominal abscess (0 to 1.3 
points), and surgeon seniority (0 to 0.4 points) [8]. The 
total score ranges from 0 to 8 points and is associated 
with a predictive risk of conversion ranging from 0.2% 
to 88.1%. The Vaccaro model contains 3 factors: male 
gender (1 point), Body surface area ≥ 1.8 (1 point), and 
rectal disease (1 point) [6]. The total score ranges from 
0 to 3 points and is associated with a predictive risk of 
conversion ranging from 3.7% to 24.4%. Finally, Zhang 
et al. model includes six variables: male gender (6 points), 
surgical experience (4 points), history of abdominal sur-
gery (5 points), obesity (10 points), tumor diameter (15 
points), and tumor invasion or metastasis (21 points). 
The final score ranges from 0 to 61 points). A score < 14.5 
has a predictive risk of conversion of 3.88% while a 
score > 14.5 has 47.83% risk [7].

Definition of conversion to open surgery
There was a variation in conversion definitions between 
the included studies. Tekkis et  al. defined conversion as 
“the need for a midline laparotomy greater than 10  cm, 
for either completion of the operative procedure for 
extraction of the specimen’’ [8], while Schlachta et  al. 
considered that “Any case that cannot be completed lapa-
roscopically as planned is considered a conversion to 
open surgery” [9]. The definition in Vaccaro’s study was 
vague and Zhang et al. did not report a definition in their 
paper [6, 7]. For this study, conversion to open surgery 
was defined as any abdominal incision performed for 
inability to complete the surgical steps by laparoscopy. 
Enlarging the extraction site incision to remove a bulky 
tumor was not considered a conversion to an open pro-
cedure [12]. This definition is more precise and widely 
used in the literature [12, 13].

Statistical analysis
Descriptive analysis was performed for sociodemo-
graphic and clinical features. Quantitative variables were 
expressed as means (with standard deviation) or median 
(and quartiles) as appropriate. Qualitative data were 
expressed as numbers and percentages.

The accuracy of the scores refers to the ability to pre-
dict conversion to laparotomy was evaluated using the 
Receiver Operating Characteristics (ROC). The Area 
Under the Curve (AUC) was calculated for each score to 
assess the ability to differentiate patients who had conver-
sion to open surgery from those who had no conversion. 
A score was considered reliable if the AUC was above 0.8 
[14]. Predicted conversion rates for each score were cal-
culated using the published scoring system and they were 

compared to the observed conversion rate in this study 
using the X2 goodness of fit test [13].

In addition, risk factors for conversion to open sur-
gery were analyzed to assess if the variables included in 
the four scores were associated with conversion in this 
series. For univariate analysis, comparisons of continu-
ous variables for two independent samples employed the 
Student test or Wilcoxon rank-sum test for continuous 
variables as appropriate, and Chi-square or Fisher exact 
tests for categorical variables, as appropriate. Variables 
with p < 0.1 were included in the final multivariate model. 
Adjusted odds ratios with 95% confidence intervals (CIs) 
for each variable were calculated as an estimate of the 
likelihood of having conversion to laparotomy. A p-value 
of less than 0.05 was considered significant. All the above 
analyses were performed using the SPSS software version 
25.

Results
Patients’ characteristics
During the study period, 516 patients had surgical resec-
tion for rectal adenocarcinoma in both centers. Among 
them, 400 patients underwent curative rectal laparo-
scopic surgery. Eighty-seven patients (21.75%) had con-
version to open surgery.

Patients’ characteristics are represented in Table  1. 
There were 264 men (66%) with a mean age of 65.95 years 
(standard deviation 12.2). Twenty-seven patients 
(24.25%) had a BMI above 28 kg/m2 and twenty patients 
(5%) had previous abdominal surgery. The median tumor 
height was 7  cm (quartiles 4–11) and 29% of patients 
had low rectal tumors (tumor height ≤ 5  cm). Neoad-
juvant radiochemotherapy (50.4 Grey + Capecitabine) 
was administered to 283 patients (70.75%). Twenty-two 
patients had T4 stage on the surgical specimen and 25 
patients (6.25%) had positive circumferential resection 
margins. In total, 30 surgeons performed laparoscopic 
rectal resections. Among 400 laparoscopic rectal resec-
tions, 320 were performed by senior surgeons (80%).

Scores performances
All the scores had an area under the curve (AUC) below 
0,8. The Tekkis score had the highest AUC (0.617 95% 
CI [0.552; 0.683]). The AUC Schlachta’s score (0.602 CI 
[0.531; 0.673]) and Zhang’s score (0602 95% CI [0.537; 
0.667]) were the same, while Vaccaro score had the low-
est AUC of 0.585 95% IC [0.517; 0.652] (Fig. 1).

Figure 2 shows the comparison between observed and 
predicted conversion rates for each score. Observed 
conversion rate was significantly higher than the con-
version rates predicted using the Tekkis and Vaccaro 
models  (X2 = 796,04; p = 0.0001 /  X2 = 6,39; p = 0.01 
respectively), and significantly lower than the conversion 
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rate predicted by Zhang model  (X2 = 14,44; p = 0.0001). 
There was no significant statistical difference between 
observed and predicted conversion rates for Schlachta’s 
model  (X2 = 1,93; p = 0.16).

Risk factors for conversion
Risk factors analysis included all the variables used by the 
4 models studied.

In univariate analysis, the conversion rate was higher in 
patients with a BMI greater than 28 and a body surface 

area greater than 1.8 (36% vs. 16.7; p < 0.001 and 28.2 vs 
14; p = 0.001 respectively). Seniors’ conversion rates were 
lower compared to younger surgeons (19.1% vs 33.3%; 
p = 0.006). Also, surgeons with less than 25 cases had 
significantly higher conversion rates (24.6% vs. 11.1% p 
0.006). The T4 stage tumors were more related to con-
version compared to other stages (47.6% vs. 20.2%. 
p = 0.003).

Age, sex, PS status, history of surgery, and neoadju-
vant therapy were not related to the conversion rate. 
Disease-related factors such as tumor location and size, 
or metastasis presence, were not significantly related to 
conversion rate.

On multivariate analysis (Table  2), body mass index 
greater than 28, T4 tumors, and junior surgeons were sig-
nificantly associated with a higher conversion rate.

Discussion
This study showed that the four predictive scores ana-
lyzed had low accuracy to predict conversion to open 
surgery. Even Though there was no significant difference 
between the predicted and observed conversion rates 
for the Schlachta score, the AUC was low (0.602) with a 
low performance to predict conversion for patients with 
lower scores (Fig. 2). None of the 4 models showed sig-
nificant superiority over the others. We chose a bicen-
tric design in two completely different settings to assess 
whether the predictive scores would be suitable for wide-
spread use.

The conversion rate was 21.75%. Rates between 2 and 
41% have been reported in the literature [15]. The main 
reported factors associated with conversion to open 
surgery in the literature are age, male gender, obesity, 
diverticulitis, history of abdominal surgery, and surgeon 
experience [15–17, 18]. A multivariate analysis of conver-
sion risk factors showed a significant conversion increase 
in overweight patients and patients who were operated 
on for a locally advanced tumor or by junior surgeons. 
These risk factors are present in Schlachta et  al., Tekkis 
et  al., and Zhang et  al. models [7–9, 13]. The seniority 
and experience of the surgeon were not described as risk 
factors by Vaccaro and al [6].

Although these variables are significantly common, the 
application of the models on our population resulted in a 
low ability to accurately predict conversion to open sur-
gery. Similarly, Schlachta and Tekkis models also failed to 
predict conversion in another setting [8, 9, 13]. In 2010, 
Cima et al. tried to externally validate these 2 scores on a 
sample of 998 patients in one center. The areas under the 
curve of the 2 models were 0.62 [13], figures like those in 
our study.

Several hypotheses may explain why the scores failed 
to predict conversion in this study. First, Vaccaro et  al., 

Table 1 Patients’ characteristics

PS performance status, ASA American Score of Anesthesiologists, CRT  
chemoradiotherapy, CRM circumferential resection margin, DRM distal resection 
margin

Age (SD) years 65.95 (12.2)

Sex

 Male 264(66%)

 Female 136(34%)

PS

 0–1 387(96.75%)

 > 1 13(3.25%)

ASA score

 1–2 343(85.75%)

 > 2 50(12.5%)

 Missing 7(1.75%)

BMI (Kg/m2)

 < 18 14(4.5%)

 18—28 283(70.75%)

 > 28 97(24.25%)

 Missing 6

History of surgery

 Yes 20(5%)

 No 380(95%)

Tumor location

 Median (quartiles) cm 7(4–11)

 Low 116(29%)

 Medium 124(31%)

 Hight 155(38.75%)

 Missing 5

Neoadjuvant CRT 283(70.75%)

pT Stage

 0–3 377(94.25%)

 4 22(5.5%)

 Missing 1

M stage

 M0 347(86.75%)

 M1 52(13%)

CRM + 25(6.25%)

DRM + 25(6.25%)

Conversion rate 21.75%
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Fig. 1 Comparison of area under the curve for all models

Fig. 2 Observed versus predicted conversion rates for the four conversion scoring systems
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Table 2 Univariate and multivariate analysis of predictive factors for conversion

Bold values indicate the variable with significant statistical significance

Variable Univariate analysis
n (%)

p Multivariate analysis
OR [IC 95%]

p

Sex 0.361

 Male 61/264 (23.3)

 Female 26/136 (19.1)

Age 0.05 1.59 (0.86—2.92) 0.14

 < 60 18/117 (15.5)

 > 60 69/283 (24.5)

PS status 0.91

 0–1 84/387 (21.8)

 2–3 3/13 (23.1)

ASA score 0.423

 1–2 72/343 (21.0)

 3–4 13/50 (27.1)

Tumor location 0.73

 Low 26/116 (22.4)

 Mid 24/124 (19.5)

 High 36/155 (23.4)

Neoadjuvant CRT 0.28

 No 20/108 (18.7)

 Yes 67/283 (23.8)

BMI  < 0.001 2.48 (1.38—4.47) 0.002
 < 28 50/299 (16.7)

 > 28 36/97 (36.0)
Body surface 0.001 1.79 (0.97—3.33) 0.06

 < 1.8 24/173 (14)

 > 1.8 62/221 (28.2)
Previous laparotomy 0.84

 No 83/380 (21.9)

 Yes 4/20 (21.1)

Senior surgeon 0.006 1.72 (0.94—3.14) 0.07
 No 26/78 (33.3)
 Yes 61/322 (19.1)

Case number > 50 0.78

 No 80/365 (22)

 Yes 7/35 (20)

Case number > 25 0.009 2.06 (0.94—4.52) 0.07

 No 78/319 (24.6)

 Yes 9/81 (11.1)
pT stage 0.005 5.78 (2.10—15.90) 0.001

 0–3 76/377 (20.2)
 4 10/22 (47.6)

M stage 0.401

 M0 78/347 (22.6)

 M1 9/52 (17.3)

Tumor size 0.553

 < 6 cm 65/319 (20.5)

 > 6 cm 10/41 (24.4)
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schlachta et al., and Tekkis et al. scores were validated in 
a heterogeneous population that also included patients 
who underwent colon resections and others diagnosis 
such as benign diseases (Diverticulosis, inflammatory 
bowel disease…). Therefore, their scores included vari-
ables that are not applicable specifically for rectal cancer 
surgery. Nevertheless, these scores were created to pre-
dict the risk of conversion for an individual patient based 
on specific characteristics, including tumor location and 
diagnosis. Therefore, these differences should not have 
an impact on the score accuracy. Interestingly, although 
these limitations do not apply to Zhang score that was 
created specifically for rectal cancer surgery, it also failed 
to predict conversion in this study with accuracy simi-
lar to the other scores. Second, the conversion is a result 
of several factors related to the disease, the surgeon, 
the surgical environment, and the patient himself [13]. 
Therefore, the risk factors considered in the scores may 
be not exhaustive. For example, previous studies have 
shown that pelvic dimensions had an impact on surgical 
difficulty and complications higher than gender or tumor 
stage [19, 20, 21, 22]. In addition, other important factors 
such as the surgeon’s specialization in colorectal surgery 
or surgeon/center volume in colorectal surgery were 
related to conversion in previous studies [23]. Therefore, 
it is important to create scores that analyze as many rel-
evant risk factors as possible. Finally, as stated by Cima 
et al., each institution has its own specific environment, 
infrastructure, organization, and system of care. There-
fore, a predictive score developed in one institution may 
not be suitable for widespread use [13].

Limitations of the study include its relatively low sam-
ple compared to previous studies and the long period for 
patient inclusion. Another limitation was the differences 
in conversion to open surgery definitions between the 
studies and our study. We chose a widely accepted defini-
tion. However, this difference may have biased interpre-
tation of the results.

Conclusions
In conclusion, the four scores analyzed in this study had 
low accuracy in predicting the conversion to open sur-
gery for laparoscopic rectal resection. Future research 
in the subject should analyze more specific variables, in 
a multicentric design to ensure generalizability of the 
results for daily surgical practice.
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