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Abstract
Purpose  The standard treatment of stage II–III rectal cancer is preoperative chemoradiotherapy (CRT), followed by total 
mesorectal excision (TME). However, the rate of metastasis is still high following this treatment. Therefore, several adjuvant 
chemotherapy studies have been conducted on reducing subsequent metastases and increasing survival, although there are 
still no definite conclusions.
Methods  We searched for published prospective randomized controlled trials comparing adjuvant chemotherapy regimens 
following standard preoperative CRT and curative surgery in stage II–III rectal cancer. We systematically searched Medline, 
Embase, and the Cochrane Library for relevant trials done from January 2004 to January 2021. Review Manager (RevMan, 
version 5.3) was used to analyze the data.
Results  We initially searched 1955 studies. We screened and carefully selected four randomized controlled trials with 
2897 patients. Compared to the 5-FU-based regimen group, the oxaliplatin-added regimen group attained a higher 3-year 
locoregional control rate (relative risk [RR] of 0.64, 95% confidence interval [CI], 0.48–0.86; p = 0.003) and 3-year distant 
metastasis control rate (RR of 0.82, 95% CI, 0.71–0.95; p = 0.007). The oxaliplatin-added regimen group had significantly 
increased 3-year disease-free survival with a hazard ratio (HR) of 0.85 (95% CI: 0.74–0.97, p = 0.020), but not overall survival 
(p = 0.740). Grade 3 or higher acute toxicity rates did not differ between the two groups (p = 0.190).
Conclusion  The addition of oxaliplatin to adjuvant therapy for stage II–III rectal cancer following preoperative CRT and 
TME may increase disease-free survival without significant increases in toxicity, but not overall survival.
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Introduction

The standard treatment for stage II–III rectal cancer is a mul-
timodal approach, TME, concurrent preoperative chemora-
diotherapy, and 5-fluorouracil (5-FU)-based postoperative 
chemotherapy [1]. With these multimodal treatments, the 
locoregional recurrence rate has dropped to around 10%. 
However, the future failure rate is still over 20% to 30% and 
affects patient survival [2–5]. Therefore, more intensified 
adjuvant chemotherapy regimens have been investigated 
to achieve better systemic disease control. The addition of 
oxaliplatin to 5-FU-based chemotherapy for colon cancer 
has been shown to improve survival. After the positive 
results of the MOSAIC trial [6] and the NSABP (National 
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Surgical Adjuvant Breast and Bowel Project) C-07 trial [7], 
oxaliplatin-added regimens, such as FOLFOX, became a 
standard in high-risk stage-II and stage-III colon cancers [8].

These positive findings have prompted several studies to 
expand on them for stage II–III rectal cancer, based on these 
results [9, 10]. However, inconsistent results in these studies 
make it difficult to draw a definite conclusion. Therefore, 
the aim of this meta-analysis is to evaluate the efficacy of 
adding oxaliplatin to 5-FU-based chemotherapy for adjuvant 
treatment of stage II–III rectal cancer. We included only pro-
spective randomized controlled trials.

Materials and methods

Literature search and selection criteria

We searched for published and unpublished prospective ran-
domized controlled trials that compared adjuvant chemo-
therapy regimens following preoperative CRT and curative 
surgery for stage II–III rectal cancer. Patients aged 18 years 
and older were eligible for inclusion. All fluoropyrimidine 
(5-FU or capecitabine)-based or oxaliplatin-added chemo-
therapy regimens were accepted. Infusions of 5-FU/leuco-
vorin and oral daily capecitabine were both accepted. Only 
studies in which total mesorectal excision following preoper-
ative CRT had been performed were included. We excluded 
those studies from our analysis where total excision had been 
performed as an operation.

We searched Medline, Embase, and the Cochrane Library 
for relevant trials done from January 2004 to January 2021. 
We also searched abstracts from the major European or 
American international oncologic meetings: ASTRO, 
ASCO, ESTRO, and ESMO. Electronic database searches 
were conducted with MeSH terms (Rectal Neoplasms, Colo-
rectal Neoplasms, Chemotherapy, and Radiotherapy) and 
free text terms (rectal cancer, adenocarcinoma, neoplasm, 
radiotherapy, chemotherapy, chemoradiation, radiochemo-
therapy, postoperative, and adjuvant). We restricted our 
searches to articles published in English or Korean. Two 
independent reviewers (Lee JH and Song JH) screened the 
searched articles’ titles and abstracts. Trials that seemed to 
meet the inclusion and exclusion criteria were selected for 
full-text review.

Outcome measures

We evaluated the following outcomes: 3-year overall sur-
vival (OS), disease-free survival (DFS), locoregional recur-
rence, distant metastasis, compliance to adjuvant chemother-
apy, and toxicities. We defined OS as the time from curative 
surgery to death from any cause or to last follow-up. DFS 
was defined as time to any recurrence, malignancy, or death 

or to last follow-up from curative surgery. We analyzed 
the receipt of adjuvant chemotherapy following preopera-
tive CRT. We compared grade 3 or higher toxicities from 
adjuvant chemotherapy for 5-FU-based or oxaliplatin-added 
chemotherapeutic regimens.

Statistical analyses

Two reviewers (Um JW and Kim SH) obtained the full text 
of relevant randomized controlled studies and assessed 
methodological quality according to the Cochrane Collabo-
ration tool for assessing the risk of bias. Methodological 
details relevant for potential bias included random sequence 
generation, allocation concealment, blinding of participants, 
personal and outcome assessors, incomplete outcome data, 
selective outcome reporting, and other sources of bias. 
Disagreements between the two reviewers were resolved by 
discussion and consensus. The data was extracted by one 
reviewer (Lee JH) on custom-designed forms and entered 
into a computer database for transfer and statistical anal-
ysis in the Review Manager software. The data extracted 
included first author, year of publication, source, sequence of 
adjuvant chemotherapy and surgery, clinical stage, number 
of patients included, and outcome parameters as listed above. 
Data accuracy was verified by the senior author (Kim SH). 
Differences between categorical outcome parameters were 
quantified using a hazard ratio and a corresponding 95% 
confidence interval (95% CI). Chi-squared and I-squared 
tests were used for testing heterogeneity between studies. 
If heterogeneity was not present (p > 0.10 and I2 < 50%), we 
adopted a fixed-effect model for data analysis. Otherwise, 
we employed a random-effect model. All statistical analyses 
were performed using Review Manager (RevMan, version 
5.3) and R (version 3.1.0). A p-value < 0.05 was considered 
as being statistically significant.

Results

The search results are shown in Fig. 1. An initial litera-
ture search confirmed that 1955 studies were found. First, 
we excluded 727 duplicates, and then we excluded 1220 
documents that did not meet the title review selection cri-
teria. Only eight studies remained, and full-text articles 
were reviewed. Four documents were discarded because 
the patients were not randomized to fluorouracil-based or 
oxaliplatin-added adjuvant chemotherapy. At last, only four 
reports remained and are included in this meta-analysis.

The baseline characteristics of included studies are sum-
marized in Table 1. The first study is the ADORE trial from 
South Korea [11, 12]. This is the sole result which rand-
omized the patients to LF (leucovorin/5-FU) or FOLFOX 
chemotherapy following preoperative CRT and surgery. 
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During preoperative CRT, oxaliplatin was not incorporated. 
The second study was the CAO/RAO/AIO-04 study from 
Germany. This is the largest trial, having more than 1200 
patients [13]. This study compared 5-FU versus FOLFOX 
regimens during preoperative CRT and following surgery. 

The third one is the FOWARC study from China, the results 
of which were published twice (early result in 2016 / final 
result in 2019) [14, 15]. This was a three-arm study, which 
compared the LF versus FOLFOX regimens. Since the third 
arm group did not receive radiotherapy, the result from the 

Fig. 1   Flow chart of the search 
strategy. *Patients were not 
randomized to 5-FU- and 
oxaliplatin-based adjuvant 
chemotherapy arms

Records iden�fied through Pubmed, Medline, Embase, and
Cochrane database searching: total (n = 1955)
- Medline (946), Embase (977), Cochrane (32)

Records a er duplicates removed
(n = 727)

Records screened
(n = 1228)

Records excluded
(n = 1220)

Ar�cles assessed for
eligibility

(n = 8)

Full-text ar�cles excluded, 
with reasons*

(n = 4)

Studies included in
quan�ta�ve synthesis 

(meta-analysis)
(n = 4)

Table 1   Baseline characteristics of included prospective randomized trials

AV anal verge, TME total mesorectal excision, CAPOX capecitabine and oxaliplatin, FOLFOX fluorouracil, leucovorin, and oxaliplatin, LF leuco-
vorin and 5-fluorouracil, 5-FU 5-Fluorouracil

Study Inclusion
year

Inclusion criteria Surgery Concurrent 
chemotherapy

Radiation 
schedule

Adjuvant chemotherapy 
schedule

Follow-up 
time

ADORE
Hong et al. 

2014/2019

2008–2012
(n = 321)

ypT3-4 or ypN + 
AV < 12 cm

All TME 5-FU or capecit-
abine

50.4 Gy/28 fx LF, 4 cycles vs. FOL-
FOX, 8 cycles

38 months

CAO/RAO/AIO-
04

Rödel et al. 2015

2006–2010
(n = 1236)

cT3-4 or N + 
AV < 12 cm

All TME 5-FU vs. FOL-
FOX

50.4 Gy/28 fx 5-FU, 4 cycles vs. FOL-
FOX, 8 cycles

50 months

FOWARC​
Deng et al. 2019

2010–2015
(n = 495)

cT3-4 or N + 
AV < 12 cm

All TME LF vs. FOLFOX 46–50 Gy/23–
25 fx

5-FU, 7 cycles vs. FOL-
FOX, 7 cycles

45 months

PETACC-6
Schmoll et al.
2021

2008–2011
(n = 1068)

cT3-4 or N + 
AV < 12 cm

All TME Capecitabine vs. 
CAPOX

45 Gy/25 fx Capecitabine, 6 cycles vs. 
CAPOX, 6 cycles

68 months
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third arm was excluded in our study. The last one is the 
PETACC-6 trial from Europe (EORTC GITCG and ROG, 
AIO, AGITG, BGDO, and FFCD). This study compared 
capecitabine versus the CAPOX regimen used before sur-
gery as well as after surgery [16]. The result was published 
in January 2021. All studies satisfied the inclusion crite-
ria, and the total number of patients was more than 2800 
included for this analysis.

The oncologic results of each study are summarized in 
Table 2. As shown in Fig. 2, the compliance was not differ-
ent between the fluorouracil-based and oxaliplatin-added 
groups. The rate of patients who completed the planned 
chemotherapy regimen following surgery was 87.2% (1041 
of 1194) in the fluorouracil-based group and 83.2% (902 of 
1,084) in oxaliplatin-added group, with a relative risk ratio 
of 1.03 (95% CI: 0.93–1.13). The risk ratio (RR) was sta-
tistically significant only in the PETACC-6 study, in which 
significantly fewer patients (74% vs. 88%, p < 0.010) in the 
oxaliplatin-added group completed the planned adjuvant 
chemotherapy. However, in the three other included tri-
als, there was no significant difference between the two 
groups.

The DFS and OS forest plot is shown in Fig. 3. The overall 
hazard ratio for DFS was 0.85 (95% CI: 0.74–0.97, p = 0.020), 
which shows a positive result in the oxaliplatin-added group. 
However, these results did not translate into OS benefits. The 
overall HR for OS was 1.02 (95% CI: 0.85–1.22, p = 0.850). 
The difference of DFS was affected by both in locoregional 
and distant metastasis control. The RR of 3-year loco-regional 
control rate was 0.64 (95% CI, 0.48–0.86; p = 0.003) which 
favors the oxaliplatin-added group. The 3-year distant metas-
tasis control rate also favors the oxaliplatin-added group with 
an RR of 0.82 (95% CI, 0.71–0.95; p = 0.007).

The grade 3 or higher toxicity pooled analysis results are 
shown in Supplement Table. Although more toxicities were 
observed in the oxaliplatin-added group, the RR was 1.16 (95% 
CI, 0.78–1.72, p = 0.460) with no statistical significance (Fig. 4). 
In all trials, the most common toxicities were hematologic. 
However, the result was contradictory, and the detailed results 
of hematologic toxicities were not reported in the PETACC-6 
trial. The frequently observed non-hematologic toxicities were 
nausea and vomiting, diarrhea, and sensory neuropathies. In all 
four studies, grade 3 or higher nausea and vomiting were more 
frequently observed in the oxaliplatin-added group. The overall 

Table 2   Summarized oncologic results of included studies

CAPOX capecitabine and oxaliplatin, DFS disease-free survival, FOLFOX fluorouracil, leucovorin, and oxaliplatin; LF leucovorin and 5- 
fluorouracil, OS overall survival, ypCR pathologic complete response, 5-FU 5-fluorouracil
* Numbers in bold represent statistically significant values

Study Adjuvant treatment No. of patients 3-year DFS 3-year OS ypCR rate Grade 3 or 
higher acute 
toxicity

Compliance

ADORE LF 161 62.9% 85.7% N/A 59/149 (39.6%) 141/149 (94.6%)
FOLFOX 160 71.6% 95.0% N/A 72/146 (49.3%) 141/146 (96.6%)

CAO/RAO/AIO-04 5-FU 623 71.2% 88.0% 13.0% 180/470 (38.3%) 393/470 (83.6%)
FOLFOX 613 75.9% 88.7% 17.0% 158/445 (33.3%) 363/445 (81.6%)

FOWARC​ 5-FU 130 72.9% 91.3% 14.0% 105/155 (67.7%) 137/155 (88.4%)
FOLFOX 141 77.2% 89.1% 27.5% 87/158 (55.1%) 150/158 (94.9%)

PETACC-6 Xeloda 543 76.5% 91% 11.6% 99/420 (23.6%) 370/420 (88.1%)
CAPOX 525 75.8% 88% 14.0% 155/335 (45.3%) 248/335 (74.0%)

Fig. 2   Compliance between 5-FU-based and oxaliplatin-added groups
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RR was 2.66 (95% CI: 0.98–7.26, p = 0.060) with marginal sig-
nificance (Supplement Figure). Diarrhea and sensory neuropa-
thy were definitely higher in the oxaliplatin-added group. The 

RR was 1.79 (95% CI: 1.30–2.45, p < 0.001) for diarrhea, and 
10.48 (95% CI: 6.52–16.84, p < 0.001) for grade 2 or higher 
sensory neuropathy.

Fig. 3   Disease-free survival (A), overall survival (B), locoregional recurrence (C), and distant metastasis (D) between 5-FU-based and oxalipl-
atin-added groups

Fig. 4   Grade 3 or higher toxicities between 5-FU-based and oxaliplatin-added groups

653International Journal of Colorectal Disease (2022) 37:649–656
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Discussion

Since the publication of the German trial, the standard 
treatment of locally advanced rectal cancer (stage II or III) 
has been preoperative CRT and TME surgery, followed by 
fluorouracil-based adjuvant chemotherapy [1, 9]. This treat-
ment strategy is widely accepted because of the possibility 
of sphincter saving, high locoregional control rate, and lower 
acute toxicities. However, survival is still not satisfactory 
because of high possibility of future recurrence. The sub-
sequent 5-year metastatic rate was 36% in the preoperative 
CRT arm in German trial, as compared to a 6% locoregional 
recurrence rate [3].

Therefore, more intensified adjuvant chemotherapy regi-
mens have been investigated to improve outcomes. In colon 
cancer, the benefits of adding oxaliplatin to a fluorouracil-
based regimen have been proved. In the MOSAIC trial, they 
randomly assigned 2246 colon cancer patients at stage II–III 
to receive either the 5-FU plus leucovorin (LV5FU2) or the 
oxaliplatin-added group (FOLFOX4). The HR for DFS and 
OS was 0.80 (95% CI, 0.68–0.93, p = 0.003) and 0.84 (95% 
CI, 0.71–1.00, p = 0.046), which favors the oxaliplatin-added 
group [6, 17]. Similar results were shown in the NSABP 
C-07 trial. In this trial, which randomly assigned 2409 
stage II–III colon cancer patients to either the 5-FU plus 
leucovorin (FULV) group or the oxaliplatin-added group 
(FLOX), the DFS improved with a HR of 0.82 (95% CI, 
0.72–0.93) in the overall patient group. The OS improved 
in patients younger than age 70 (HR, 0.80; 95% CI, 0.68 to 
0.95; p = 0.013) [7, 18].

With these positive colon cancer results, several tri-
als were conducted to expand or these results in rectal 
cancer. Unlike colon cancer, in stage II–III rectal cancer, 
preoperative radiotherapy is usually incorporated in treat-
ment modalities because of the high local recurrence rate 
in rectal cancer [19]. Therefore, the schedule for appli-
cation chemotherapy is more complicated. Some trials 
added oxaliplatin only during preoperative CRT. Most 
of these trials failed to show improved survival because 
of high acute toxicities, although some studies showed 
a higher pathologic complete response (pCR) rate [20]. 
The ACCORD12 trial compared CAP45 (45 Gy RT with 
capecitabine) and CAPOX50 (50 Gy RT with capecitabine 
and oxaliplatin) [21]. The pCR rate was 13.9% versus 
19.2%, with no statistical significance (p = 0.090). Local 
control, DFS, and OS were all similar. The STAR-01 trial 
also showed similar results, which compared infused 5-FU 
with 50.4 Gy RT (arm A) versus the same regimen plus 
weekly oxaliplatin (arm B) [22]. The pCR rate was 16% 
in both arms. The 5-year DFS was 66.3% vs. 69.2% (HR 
0.89, 95% CI 0.60–1.15, p = 0.374). Grade 3 or higher tox-
icities were more frequent in arm B (24% vs. 8% of treated 

patients; p < 0.001). A meta-analysis result also showed 
adding-oxaliplatin in only a preoperative setting had no 
improvement [23]. The NCCN and ESMO guidelines also 
recommend not adding oxaliplatin in preoperative CRT [1, 
24]. Therefore, we excluded studies which added oxalipl-
atin only in preoperative setting.

We performed a meta-analysis of trials which compares 
fluoropyrimidine (5-FU or capecitabine)-based versus oxali-
platin-added chemotherapy regimens in an adjuvant setting. 
We found four randomized controlled trials, in which the 
results differed among studies. These meta-analysis results 
showed adding oxaliplatin in adjuvant setting improved 
locoregional (HR 0.64, 95% CI 0.48–0.86) and future met-
astatic control rates (HR 0.82, 95% CI 0.71–0.95). These 
results lead to a better DFS with an HR of 0.85 (0.74–0.97) 
in the oxaliplatin-added arm. Overall, DFS benefits do not 
translate into OS benefits. The South Korean ADORE trial 
showed improved OS as well as DFS in the oxaliplatin-
added group [11, 12]. This seems mainly to be because of 
the difference in inclusion criteria. Compared to the other 
three studies, which include clinical stage II or III rectal 
cancer patients, the ADORE trial only includes pathologi-
cally confirmed T3-4 or N + patients following preoperative 
CRT (ypT3-4 or ypN +). This led to a relatively poor treat-
ment outcome (62.9% 3-year DFS) in the fluorouracil-based 
group. In our meta-analysis, the compliance rate was similar, 
and overall, grade 3 or higher acute complication rates did 
not differ between these groups. However, more grade 3 or 
worse diarrhea and grade 2 or worse neuropathy were found 
in the oxaliplatin-added group. Based on our meta-analysis 
results, it seems adding oxaliplatin in an adjuvant setting is 
an acceptable treatment option.

The limitation of our study is the small number of rand-
omized trials included. Although the quality of included tri-
als was not low, the large patient number of CAO/RAO/AIO-
04 trials could make the result lean to one side. In addition, 
the reported toxicity outcomes were diverse among studies. 
So it is difficult to clearly analyze toxicity outcomes [26]. 
The PETACC-6 study did not report the hematologic toxic-
ity rate [16]. Although it is generally known that adding 
oxaliplatin can increase diarrhea, stomatitis, neutropenia, 
or neuropathy [25], these seemed to be manageable in all 
included randomized studies.

Some meta-analyses comparing oncologic outcomes 
for 5-FU based- and oxaliplatin based-regimens in rectal 
cancer have been reported [27–29]. Although their results 
were similar to those of our study, the included trials were 
different to those of ours. Zheng et al. [27] and Yang et al. 
[28] included STAR-01, ACCORD-12, and NSABP-R04 
trial which used oxaliplatin only in the preoperative setting, 
not in the adjuvant one. Zhao et al. [29] did not include the 
FOWARC, and the literature search was just limited by 2014. 
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The final results of PETACC-6 included in our meta-analysis 
was published in 2021 [16]. Thus, more precise and updated 
data were analyzed comprehensively in our study.

Oxaliplatin-based postoperative adjuvant chemotherapy 
rather than fluorouracil-based chemotherapy in rectal cancer 
after preoperative CRT and curative surgery is significantly 
associated with increased disease-free survival with similar 
toxicity. Our results might be helpful to clinicians who need 
to decide on an adjuvant treatment regimen.

Supplementary information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s00384-​022-​04096-9.
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