
Prognosis and quality of 
life in patients with locally 
advanced rectal cancer after 
abdominoperineal resection in 
the CAO/ARO/AIO-04 randomized 
phase 3 trial
Jochen Gaedcke1, Malte Sahrhage2, Marcel Ebeling1, Azadeh Azizian1, Felix Rühlmann1, 
Markus Bernhardt1, Marian Grade1, Wolf Otto Bechstein3, Christoph-Thomas Germer4, 
Robert Grützmann5, Pompiliu Piso6, Ralf-Dieter Hofheinz7, Ludger Staib8, Tim Beißbarth2, 
Rebekka Kosmala9, Emmanouil Fokas10, Claus Rödel11, Michael Ghadimi1 & The German 
Rectal Cancer Study Group*

Low anterior resection (LAR) and abdominoperineal resection (APR) are the two main surgical 
procedures after preoperative chemoradiotherapy (CRT) for locally advanced rectal cancer. 
APR is associated with poorer prognosis; however existing data do not consider intensified CRT 
(5-Fluorouracil (5-FU)/Oxaliplatin + radiation) protocols.  Clinicopathological data of patients treated 
with APR and LAR from the CAO/ARO/AIO-04 trial were analysed in terms of prognostic parameters 
and quality of life (QoL). Based on higher response rate after intensified CRT, subgroup analyses 
were performed. Data from n = 1173 patients were assessed. APR after preoperative CRT was 
associated with a significantly worse overall survival (p = 0.0056), disease-free survival (p < 0.0001) and 
local recurrence rate (p = 0.0047). Clinicopathological data including clinical T stage (p < 0.000001), 
grading (p = 0.0038), postoperative lymph node (LN) positivity (p = 0.013), and number of positive LN 
(p = 0.0049) significantly differed between procedures and showed higher values in APR patients. The 
quality of total mesorectal excision (TME) was significantly better (p < 0.0001) and complete resection 
rates were higher (p = 0.0022) in LAR compared to APR patients. Subgroup analyses showed worse LR 
rates in APR patients after standard CRT (5-FU mono and radiation) but not after intensified CRT. After 
3 years, role functioning (p = 0.019) and physical functioning (p = 0.001) had a slightly poorer outcome in 
APR patients. The poorer prognosis of patients undergoing APR for locally advanced rectal cancer may 
be explained by clinicopathological characteristics. Intensified CRT may compensate for the higher 
risk of LR after APR in patients with worse TME quality. QoL in APR patients was comparable to LAR 
patients.

1Department of General, Visceral, and Paediatric Surgery, University Medical Centre Göttingen, Robert-Koch-Str. 
40, 37075 Göttingen, Germany. 2Department of Medical Bioinformatics, University Medical Centre Göttingen, 
Göttingen, Germany. 3Department of General and Visceral Surgery, University of Frankfurt, Frankfurt, Germany. 
4Department of General and Visceral Surgery, University of Würzburg, Würzburg, Germany. 5Department 
of Surgery, University Hospital Erlangen, Erlangen, Germany. 6Department of General and Visceral Surgery, 
Krankenhaus Barmherzige Brüder Regensburg, Regensburg, Germany. 7Department of Medical Oncology, 
University Medical Centre Mannheim, Mannheim, Germany. 8Department of Surgery, Klinikum Esslingen, Esslingen, 
Germany. 9Department of Radiation Oncology, University Hospital Würzburg, Würzburg, Germany. 10Department 
of Radiotherapy, University of Cologne, Cologne, Germany. 11Department of Radiotherapy, University of 
Frankfurt, Frankfurt, Germany. *A list of authors and their affiliations appears at the end of the paper. email:  
j.gaedcke@gmail.com

OPEN

Scientific Reports |         (2025) 15:5401 1| https://doi.org/10.1038/s41598-024-83105-z

www.nature.com/scientificreports

http://www.nature.com/scientificreports
http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-024-83105-z&domain=pdf&date_stamp=2025-2-13


Preoperative chemoradiotherapy (CRT)/short-course radiotherapy (SCRT) results in variable tumour response 
in rectal cancer and has enabled adaptation of surgical approaches ranging from extralevator abdominal 
excision over intersphincteric excision (ISE) to low anterior resection (LAR). Even watch-and-wait protocols 
are currently being evaluated for patients with a clinical complete response after CRT/SCRT with or without 
consolidation or induction chemotherapy. Abdominoperineal resection (APR) is a standard procedure1 for low-
third rectal cancer involving the sphincter and has been associated with a worse prognosis compared to LAR2. 
This might be due to the low localization of the tumour combined with potential drainage along the inferior 
rectal artery, and/or due to the procedure itself or related clinicopathological parameters, as previously shown 
by den Dulk et al.3 In a pooled analysis, data from the Swedish Rectal Cancer Trial4, Dutch TME trial5, CAO/
ARO/AIO-94 trial6, EORTC 22,921 trial7 and Polish Rectal Cancer Trial8 were compared and showed increased 
risk of circumferential resection margin (CRM) involvement with higher local recurrence (LR) rates and lower 
cancer specific survival (CSS) for patients treated with APR. However, these trials date back to the beginning 
of preoperative CRT/ SCRT in rectal cancer. As such, the Swedish Rectal Cancer Trial considered a resection 
margin of 5 cm below the tumour as essential and resulted in a higher rate of APR for tumours localized in the 
mid-rectum. In the current practice, a distance of 2 cm or even less between the tumour and aboral resection 
margin is recommended.

The CAO/ARO-AIO-04 trial9 compared standard CRT (5-FU-mono + 50.4 Gy radiation) versus intensified 
CRT (5-FU/Oxaliplatin-based + 50.4 Gy radiation), and showed pCR and disease free survival (DFS) benefits in 
favour of intensified treatment10. Here, we assessed the impact of surgical technique (APR vs. LAR) on clinical 
outcome and quality of life (QoL).

Methods
Between July 2006 and February 2010, n = 1.265 patients were recruited for the multicentre, two-arm randomized 
phase 3 trial (ClinicalTrials.gov, study registration number NCT00349076; first registration: 06/07/2006). 
The study was approved by local ethics committee of the University of Erlangen, Germany. All methods were 
carried out in accordance with relevant guidelines and registrations. Informed consent was obtained from all 
subjects and/or their legal guardians. The trial design and clinical outcomes have been published previously9,11. 
Follow-up was conducted according to the guidelines of the German Cancer Society. Outcome parameters (DFS 
and overall survival, OS) according to the type of surgery (LAR, ISR and APR) were assessed. Furthermore, 
histopathological and clinical parameters were compared between groups. QoL was recorded during the trial by 
using a questionnaire (EORTC QLQ-C30; latest information at: http://www.eortc.be/home/qol), including the 
colorectal cancer module QLQ-CR38. These data were processed in a manner comparable to the recent QoL 
analysis published by Kosmala et al.12 The five categories global health status (QL2), role functioning (RF2), 
social functioning (SF), physical functioning (PF2) and chemotherapy side effects (CT) were compared between 
patients with LAR and APR. Differenced in QoL data were considered as small (< 10), moderate (10–20) or large 
(> 20).

Statistical analysis
Statistical analysis was performed with the statistical computing software R version 4.2.1 (R Foundation for 
Statistical Computing, Vienna, Austria) using the R packages survival, RcolorBrewer, survminer, gridExtra, 
yaml, readxl and plotrix. Patient survival was calculated by Kaplan–Meier analysis using the function survfit, 
with significance assessed by means of a Cox proportional hazards model using the function coxph and the log 
rank test. Associations between categorical clinical variables were assessed using Fisher’s exact test, whereas 
the Wilcoxon test was used to evaluate associations between continuous and categorical variables. P < 0.05 was 
considered statistically significant. The QoL analysis was performed for patients without recurrence based on 
DFS. Methodologically, the analyses were based on the recent publication by Kosmala et al.12 As already outlined 
in her methods, the 5-year follow-up data are underrepresented due to the termination of follow-up as soon as 
the last patient was enrolled. Due to the explorative nature of the analysis, the p-values were not adjusted for 
multiple testing and are only descriptive.

Conference presentation
Part of the data have been presented at the “Deutsche Chirurgenkongress” 2022 in Leipzig.

Results
Data were available in n = 1173 patients treated within the CAO/ARO/AIO-04 trial. APR was performed in 
n = 303 patients, ISR in n = 61 and LAR in n = 809 patients. DFS and OS (Fig. 1) were significantly worse after 
APR than after LAR (p = 0.0002 and p = 0.0051, respectively). No difference was found between patients treated 
with LAR and ISR.

To further address the prognostic difference between groups, clinical and histopathological data were compared 
(Table 1). Due to the oncological comparability of LAR and ISR, both groups were pooled and considered LAR*. 
No difference was found for pretherapeutic performance status (Eastern Cooperative Oncology Group, ECOG) 
or standard and intensified CRT between LAR* and APR. APR was significantly associated with a higher body 
mass index (BMI, 27.6 versus 26.8, p = 0.003) and was more common in patients with cT4 (p < 0.000001) and 
G3 tumours (p = 0.0038). Histopathological data after preoperative CRT and resection showed that APR patients 
had larger tumours based on clinical (cT) and histopathological (ypT) T category (p < 0.001 and p = 0.005), 
increased number of lymph node positivity (p = 0.013) as well as a lower number of resected lymph nodes (mean 
15.3 vs. 16.9, p = 0.0049). The tumour regression grading (TRG) classified based on Dworak13 did not show 
significant differences between the APR and LAR* groups. In LAR* complete (R0) resection was more common 
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after LAR* (p = 0.0022) as well as good TME quality (p < 0.0001). Survival data of all patients dependent on their 
TME quality is shown in Supplementary Fig. 1A-C. With respect to the surgical method, a prognostic role for 
TME quality in APR patients was not found (Supplementary Figures S2A). In LAR*patients, the TME quality 
remained significantly associated with LR (Supplementary Figure S2B).

Subgroup analysis between standard CRT (5-FU + radiation) and intensified CRT (5-FU/
oxaliplatin + radiation)
A subgroup analysis comparing the two different types of preoperative CRT confirmed the significantly worse 
LR rate (p < 0.00001) for patients who received standard CRT; patients with ISR showed comparable results to 
those achieved with APR (Fig. 2). Conversely, we did not observe any significant differences in LR according to 
surgical technique after intensified CRT (Fig. 2); comparable results were also found for OS, DFS and distant 
recurrence (DR; Table 2).

Overall, TME quality was significantly associated with the oncological parameters OS, DFS, LR and DM. 
While after standard CRT, TME quality was significantly associated with LR (Supplementary Figure S1B). in 
intensified CRT group no significant association to any oncological parameter was found (Supplementary Figure 
S1C, Supplementary Fig. 3A-B).

Quality of life comparison
Response rate for QoL questionnaires at baseline were 83% (n = 1025) as outlined by Kosmala et al.12. Patients 
with incomplete QoL data sets after grouping into APR and LAR* were excluded. In both groups baseline values 
for the functioning categories (role, social and physical) as well as for global health score decreased during 
treatment. Values for chemotherapeutic side effects showed worse outcome after baseline. Due to the time point 
“after treatment” that implicated the assessment after CRT, surgery and adjuvant therapy the decrease of the 
functioning scales and the increase for chemotherapy side effects is well explained. All values at least partially 
recovered over time.

Comparing categorized values between APR and LAR* revealed a significant difference for role function after 
a follow up of 36 months with lower values in the APR group (p = 0.019). Physical functioning was significantly 
worse at the end of treatment (p = 0.002) as well as after 12 (p = 0.006) and 36 months (p = 0.001) of follow-
up. In the APR group, no relevant improvement was found after 12 months in these two scales. In terms of 
“chemotherapy side” effects the data differed significantly between both groups after postoperative chemotherapy 
(p = 0.047) and during follow-up after 12 months (p = 0.002), however the difference is rather small (< 5). The 
APR group again did not show an improvement between follow-up after 12 and 36 months (Table 3).

In the APR group, no relevant improvement was found after 12 months. In terms of “chemotherapy side” 
effects the data differed significantly between both groups after postoperative chemotherapy (p = 0.047) and 
during follow-up after 12 months (p = 0.002) (Table 3).

Discussion
In the present analysis, we examined the impact of surgical technique on the clinical outcomes and QoL on 
n = 1173 patients with rectal cancer treated within the randomized phase III CAO/ARO/AIO-04 trial comparing 
preoperative 5-FU-mono CRT (standard CRT) and 5-FU/Oxaliplatin-based CRT (intensified CRT). We found 
that APR was associated significantly with worse LR and distant metastasis rates than LAR. Interestingly, the 
prognosis of patients undergoing ISR was similar to that of those undergoing LAR. Although the number of ISR 

Fig. 1.  Overall survival of patients according to type of surgery(left). Disease-free survival of patients 
according to type of surgery (right). APR – Abdominoperineal resection, ISR – Intersphincteric resection, LAR 
– Low anterior resection.
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patients was rather low (n = 61), the results suggest that isolated tumour localization may not play a pivotal role 
in prognosis.

Our findings are in line with the pooled analysis from den Dulk et al.3, who reported a higher incidence of 
involved CRM and worse clinical outcomes after APR than after LAR.

Further analysis of the clinicopathological data showed that APR was significantly associated with a higher 
rate of cT4, G3 and ypN + tumours than LAR* (combination of LAR and ISR). All of these parameters have been 
reported to be associated with poorer prognosis14–18.

Clinical parameters APR Group LAR* Group p value

Age (mean) 62.1 61.9 0.5815

BMI (mean) 27.6 26.8 0.0034

ECOG (n = 1161) 0.1151

Score > 0 71 (24%) 166 (19%)

Score 0 228 (76%) 696 (81%)

nCRT (n = 1173) 0.8462

5-FU 152 (50%) 444 (51%)

5-FU + Oxaliplatin 151 (50%) 426 (49%)

cT (n = 1168) < 0.00001

cT2 12(4%) 39 (4%)

cT3 246 (82%) 793 (91%)

cT4 41 (14%) 37 (4%)

cN (n = 1167) 0.1021

Negative 64 (21%) 229 (26%)

Positive 235 (79%) 639 (74%)

Grade (n = 1100)

G1-G2 246 (87%) 761 (93%) 0.0038

G3-G4 36 (13%) 57 (7%)

ypT (n = 1173)

ypT0 33 (11%) 157 (18%) 0.0054

ypT1 19 (6%) 58 (7%)

ypT2 92 (30%) 245 (28%)

ypT3 142 (47%) 384 (44%)

ypT4 12 (4%) 24 (3%)

ypTis 5 (2%) 2 (0%)

ypN (n = 1172)

ypN0 197 (65%) 620 (71%) 0.0131

ypN1 69 (23%) 188 (22%)

ypN2 37 (12%) 61 (7%)

Number of LNs (mean) 15.3 16.9 0.0049

R status (n = 1172)

R0 281 (93%) 843 (97%) 0.0022

R > 0 22 (7%) 26 (3%)

TRG (n = 1151)

0/1 51 (17%) 146 (17%) 0.0735

2 124 (42%) 336 (39%)

3 84 (29%) 217 (25%)

4 35 (12%) 158 (18%)

TME quality (n = 1127)

Incomplete 29 (10%) 21 (3%) < 0.00001

Moderate 67 (23%) 96 (11%)

Complete 195 (67%) 719 (86%)

Table 1.  Clinicopathological parameters according to surgical technique (APR: abdominoperineal resection. 
LAR*: low anterior and intersphincteric resection, BMI: body mass index, ECOG: Eastern Cooperative 
Oncology Group, nCRT: neoadjuvant chemoradiotherapy, cT: clinical T level, cN: clinical lymph node status, 
ypT: post-treatment pathological T level, ypN: post-treatment pathological nodal status, ypM: post-treatment 
metastasis status, R status: resection status, TRG: tumour regression grading, LN: lymph node, TME quality: 
quality of total mesorectal excision.
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Based on the hypothesis that intensified CRT improved oncological outcomes, APR and LAR* were re-
analysed based on the preoperative strategy. In patients treated with standard CRT, OS, DFS, DR and LR 
remained significantly different between APR and LAR. In contrast, after intensified CRT outcomes were 
comparable between APR and LAR patients. Similarly, TME quality, which is also known to be a prognostic 
factor19,20, was poorer in APR patients in our series. Analyzing the relevance of TME quality in each subgroup, 
oncological relevance was only found for LR in LAR* patients. This finding may potentially be affected by the 
difference of preoperative strategies with respect to the surgical method. However, a potential bias of poorer 

- -
OS
(HR; p-value)

DFS
(HR; p-value)

DR
(HR; p-value)

LR
(HR; p-value)

Type of surgery

5-FU APR vs. ISR 0.54
p = 0.238

0.65
p = 0.2

0.62
p = 0.176

0.87
p = 0.742

APR vs. LAR 0.51
p = 0.002

0.49
p < 0.0001

0.48
p < 0.001

0.51
p < 0.001

5-FU /Oxaliplatin APR vs. ISR 0.56
p = 0.338

0.51
p = 0.158

0.51
p = 0.155

0.55
p = 0.327

APR vs. LAR 0.74
p = 0.202

0.82
p = 0.270

0.78
p = 0.176

0.74
p = 0.2

TME quality

5-FU Poor vs. moderate 0.97
p = 0.942

0.75
p = 0.378

0.80
p = 0.512

0.73
p = 0.417

Poor vs. good 0.6034
p = 0.203

0.5684
p = 0.044

0.6164
p = 0.096

0.43
p = 0.012

5-FU/ Ox Poor vs. moderate 0.74
p = 0.534

0.84
p = 0.647

0.76
p = 0.477

0.85
p = 0.740

Poor vs. good 0.53
p = 0.137

0.60
p = 0.14

0.59
p = 0.129

0.54
p = 0.149

Resection Status

5-FU R1/2 vs. R0 0.18
p < 0.001

0.19
p < 0.001

0.25
p < 0.001

0.19
p < 0.001

5-FU/Ox R1/2 vs. R0 0.22
p < 0.001

0.22
p < 0.001

0.33
p < 0.001

0.20
p < 0.001

Table 2.  Oncological parameters by treatment arm depending on the type of surgery and TME quality (HR: 
hazard ratio, APR: abdominoperineal resection, ISR: intersphincteric resection, LAR: low anterior resection, 
TME: total mesorectal excision, OS: overall survival, DFS: disease-free survival, DR: distant recurrence, 
LR: local recurrence, 5-FU: 5-fluorouracil, 5-FU/Ox: 5-fluorouracil plus oxaliplatin, CRT:  preoperative 
chemoradiotherapy).

 

Fig. 2.  Local recurrence rate according to surgical procedure in patients treated with standard CRT (left). 
Local recurrence rate of patients treated with intensified CRT (right). (APR: Abdominoperineal resection, ISR: 
Intersphincteric resection, LAR: Low anterior resection).
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TME quality in APR patients affected by removal of the specimen rather than the surgical resection itself might 
also be of relevance.

However, the clinical trial was not powered to separate APR and LAR patients. Therefore, these results 
should be interpreted with caution and may be an effect of the smaller sample size in the group of APR patients. 
Nevertheless, it should be acknowledged that the relevance of TME quality as a prognostic marker may change 
under different therapies. Within the CAO/ARO/AIO-94 trial, Sprenger et al.21 observed the improved effect of 
preoperative CRT over primary surgery, and oncological outcomes in patients with medium TME quality were 
comparable to those of good TME quality. This result is different from those seen in patients who underwent 
primary surgery, who showed clear differences between medium and good TME quality. Together with the 
data from this trial (APR, ISR and LAR) showing that TME quality led to significant prognostic differences 
only in patients with standard CRT, these results might indicate that intensification of preoperative treatment 
compensates for poorer TME quality. Importantly, these data were retrieved from surgeries intended to achieve 
the highest TME quality, and high TME quality should remain a top priority of surgeons. Absence of significant 
correlations may also be attributed to smaller sample sizes in subgroups. It is important to acknowledge that 
resection status is still a relevant parameter, even after intensified CRT.

The importance of QoL is increasingly recognized in cancer therapy. A recent review by Lawday et al.22 
summarized data comparing restorative versus nonrestorative resection in rectal cancer and did not find a 
significant difference in global QoL. For the global health score (QL2), our data are consistent with these findings. 
A relevant decrease was reported by Yucel et al. in patients treated with CRT. However, a rapid recovery after 
the end of treatment or CRT was also described23. Our dataset confirms these observations. Comparable results 
were reported by Couwenberg et al.24, who additionally described that the role, social and physical function 
scores as being those with the strongest decline after the start of therapy. These data are in line with our findings 
as well as the overall analysis of QoL in our CAO/ARO/AIO-04 trial by Kosmala et al.12 that failed to observe 
any significant difference between treatment arms in global QoL, albeit relevant decreases in role, physical and 
social function scores that did not fully recover after therapy were reported. A comparable QoL for sphincter 
preservation versus APR was reported by Konanz et al.25 However, they also identified a worse outcome of PF2 
in patients after APR. This difference was suggested to be due to older patients in the APR group. This reason 
does not hold true in our dataset as patient age was comparable.

Accordingly, the reduced ability to perform basic and instrumental activities of daily living may be attributed 
to the type of surgery. These results might display the physical difference after two different resection techniques. 
As the results in the role function increase after time, it is unclear whether this is a true effect, just a result of a 
small sample size or impacted by increasing age of the patients.

We would like to acknowledge the limitations of the present study. The CAO/ARO/AIO-04 trial was not 
designed to analyse the difference between APR and LAR*, and this is an ad hoc analysis. Indeed, this is a 
subgroup analysis and therefore should be interpreted with a high degree of caution. Lack of significance may be 
explained by the small sample sizes.

Category Time-point

APR LAR* p value

N Mean SD N Mean SD [conf interval]

QL2 Baseline 229 62.19 20.27 720 63.25 21.9318 0.499 [-4.1, 2]

After treatment 152 57.29 22.31 456 61.51 21.0659 0.042 [-8.3, 0.2]

FU12 months 130 64.42 20.75 403 65.12 20.4591 0.74 [-4.8, 3.4]

FU36 months 85 65.19 20.86 300 67.50 20.9459 0.371 [-7.4, 2.8]

RF2 Baseline 236 81.36 24.95 738 83.04 25.7466 0.371 [-5.4, 2.0]

After treatment 154 52.71 29.98 463 58.64 30.7591 0.035 [-11.5, -0.4]

FU12 months 133 61.15 28.11 408 66.59 29.2782 0.057 [-11, 0.2]

FU36 months 89 63.11 30.30 308 71.65 28.0975 0.019 [-15.6, -1.4]

SF Baseline 232 79.17 24.85 724 76.84 27.0336 0.226 [-1.4, 6.1]

After treatment 154 63.00 30.86 457 63.79 30.7808 0.781 [-6.5, 4.9]

FU12 months 130 70.77 27.30 404 67.16 30.1367 0.203 [-2, 9.2]

FU36 months 86 67.05 27.17 301 70.93 29.4597 0.254 [-10.6, 2.8]

PF2 Baseline 237 88.14 15.04 741 89.57 15.718 0.208 [-3.7, 0.8]

After treatment 157 70.41 22.71 467 76.90 20.4611 0.002 [-10.5, -2.5]

FU12 months 132 75.74 20.84 408 81.43 19.1133 0.006 [-9.7, -1.6]

FU36 months 89 74.57 21.66 308 83.20 19.0545 0.001 [-13.7, -3.6]

CT-side Baseline 234 7.45 11.95 734 8.71 13.8294 0.179 [-3.1, 0.6]

effects After treatment 154 25.97 22.73 464 30.30 25.2643 0.047 [-8.6, 0]

FU12 months 128 10.76 14.22 406 15.54 18.2521 0.002 [-7.8, -1.7]

FU36 months 87 12.90 14.56 302 11.87 16.8819 0.575 [-2.6, 4.7]

Table 3.  Quality of life parameters according to the surgical techniques APR (abdominoperineal resection) 
and LAR (low anterior resection. * Including intersphincteric resection (ISR); with respect to QL2 (global 
health status), RF2 (role functioning), SF (social functioning), PF2.
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Conclusion
Patients with locally advanced rectal cancer undergoing APR after preoperative CRT have poorer oncological 
outcomes than patients who undergo LAR*, which might be explained by the significantly advanced tumour 
stages of the patients receiving APR. Intensified preoperative treatment narrows outcome results of both groups. 
TME quality was not a prognostic factor in patients receiving intensified CRT in the CAO/ARO/AIO-04 trial. 
The completeness of resection (R0) remains a relevant parameter even after intensified CRT and should therefore 
be attempted to improve oncological outcomes. Although most QoL parameter do not differ between patients 
with APR and LAR.

Data availability
All included data is available from the corresponding author on reasonable request.
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