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Introduction
The incidence of colorectal cancer is increasing 
in the world.1 15–30% of locally advanced rectal 
cancer (LARC) patients can achieve pathologi-
cal complete response (pCR) after chemoradio-
therapy (CRT) and total mesorectal excision, 

which was associated with better long-term sur-
vival outcome.2–4 However, 7.7–12.8% of pCR 
patients still occurred recurrence and metastasis 
after surgery.5,6 Therefore, it is meaningful to 
find ways to improve the prognosis of pCR 
patients.

Clinical significance of adjuvant 
chemotherapy for pathological complete 
response rectal cancer patients with 
acellular mucin pools after neoadjuvant 
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Abstract
Background: Approximately 15–30% of locally advanced rectal cancer (LARC) patients 
achieved pathological complete response (pCR) after neoadjuvant chemoradiotherapy (CRT) 
and total mesorectal excision, but the clinical significance of adjuvant chemotherapy (ACT) for 
pCR patients remains unclear.
Objectives: To determine whether LARC pCR patients can benefit from the administration of 
ACT.
Design: Single center retrospective study.
Methods: This study retrospectively included 280 LARC patients who achieved pCR after CRT 
and surgery from 2011 to 2019. The information of patients was recorded. Main outcome 
measures included 5-year disease-free survival (DFS) and 5-year overall survival. Subgroup 
analysis was conducted on whether pCR patients with acellular mucin pools received ACT or 
not.
Results: A total of 74/280 (26.4%) patients were identified with acellular mucin pools. Disease 
recurrence occurred in 38/280 (13.6%) patients, and in the subgroup of patients with acellular 
mucin pools, 15/74 (20.3%) patients developed distant metastases. The existence of acellular 
mucin pools was associated with worse DFS (79.7% versus 88.8%, P = 0.037). Among pCR 
patients with acellular mucin pools, 9/25 (36.0%) of non-ACT patients occurred recurrence, 
and ACT was beneficial for improving DFS (hazard ratio: 0.245; 95% confidence interval: 
0.084–0.719; P = 0.010).
Conclusions: The existence of acellular mucin pools may represent a sign of invasive tumor 
biology, which indicated a negative prognosis. ACT can improve the prognosis of patient with 
acellular mucin pools, so ACT should be considered for them.
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The National Comprehensive Cancer Network 
recommended adjuvant chemotherapy (ACT) for 
patients who have received CRT, regardless of 
postoperative pathological diagnosis.7 At the 
same time, European Society for Medical 
Oncology guidelines suggested that ACT can be 
used for high-risk patients. Nevertheless, there 
was still no consensus among experts on the defi-
nition of high-risk patients, which generally 
included poor differentiation, T4 tumors, the cir-
cumferential resection margin, inadequate lymph 
node dissection, and extramural vascular inva-
sion. Although the results of imaging examina-
tions provided information for judging tumor 
regression and clinical staging,8,9 there was still a 
lack of guiding indicators for further treatment 
after surgery.

Consequently, it remains unclear what sub-
group of pCR patients should be treated with 
ACT. Several studies based on National 
Cancer Data Base showed that ACT can 
improve the overall survival (OS) of LARC 
pCR subgroup, such as patients with positive 
lymph nodes at baseline.10–13 The necessity of 
ACT in pCR patients remains controversial,14 
but the downstaging of pCR patients by CRT 
therapy15,16 showed that tumor biology respon-
sive to therapy. Therefore, pCR patients may 
constitute a chemosensitive subset and benefit 
from ACT.

In previous studies, 19.0–42.4% of rectal cancer 
specimens resected after CRT treatment existed 
acellular mucin pools.17,18 Whether acellular 
mucin pools were residual tumors or therapeutic 
response has been controversial. Some research-
ers have observed that the existence of acellular 
mucin pools was linked to poorer outcomes,19 
The incidence of distant metastasis in rectal can-
cer pCR patients with acellular mucin pools was 
significantly higher.20,21 Their research demon-
strated that the existence of acellular mucin pools 
may mean that tumors are more aggressive. If the 
presence of acellular mucin pools indicated a neg-
ative prognosis, ACT must be considered in pCR 
patients with acellular mucin pools. However, no 
previous studies have performed subgroup analy-
sis of pCR patients with acellular mucin pools. So 
we conducted this research to analyze the prog-
nostic role of the acellular mucin pools in pCR 
patients and identify whether ACT was associ-
ated with survival outcomes in pCR patients with 
acellular mucin pools.

Methods

Patients
Between November 2011 and November 2019, a 
total of 1760 patients diagnosed with LARC 
received neoadjuvant CRT, followed by radical 
surgery at the Sixth Affiliated Hospital of Sun 
Yat-sen University, China. In this research, the 
treatment information and prognosis of these 
patients were analyzed retrospectively. Selection 
criteria for patients included: (1) rectal cancer 
patients with preoperative staging of stage II/III 
did not have distant metastasis; (2) patients 
underwent radical resection, and postoperative 
pathology was confirmed as pCR; and (3) follow-
up information was complete. The exclusion cri-
teria for patients included the following: (1) 
multiple primary colorectal cancer, (2) the patient 
had a history of malignant tumors, and (3) local 
excision was performed. We eliminated 1480 
patients, including 10 pCR patients with incom-
plete information, 1470 patients with non-pCR 
tumors. Finally, this retrospective study screened 
280 eligible patients into our study (Figure 1).

The clinicopathological information and follow-
up data were all obtained through the hospital 
database.

Treatment
The tumor and entire pelvis were treated with 
radiotherapy 23–25 doses, with a total dose of 
46.0–50.4 Gy from Monday to Friday. Patients 
received preoperative therapy with 4–6 cycles of 
fluorouracil (folinate 400 mg/m2 intravenous infu-
sion, fluorouracil 400 mg/m2 intravenous infu-
sion, and fluorouracil 2.4 g/m2 intravenous 
continuous infusion for 48 h) and oxaliplatin 
85 mg/m2 intravenously each chemotherapy treat-
ment cycle and received radiotherapy during the 
2–4 cycles. After surgery, patients received 6–8 
cycles of postoperative mFOLFOX6 chemother-
apy, with additional radiotherapy at the physi-
cian’s discretion.

Pathological assessment
Two pathologists specializing in colorectal cancer 
independently re-reviewed the hematoxylin-eosin 
(H&E) sections of all rectal cancer pathological 
specimens to determine whether there were acel-
lular mucin pools in the sample. According to 
American Joint Committee on Cancer guidelines, 
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complete pathological response was defined as no 
tumor cells were found in the resected specimen 
and lymph nodes after surgery. The integrity of 
the examined area was assured when submitted 
for histopathological analysis to ensure that there 
are no epithelial cells in the mucin pools. In 
addition, when routine histological analysis can-
not determine whether there were no residual 
tumor cells, the specimen was further judged by 
immunohistochemistry. Pathologists individu-
ally reviewed specimens from 280 patients, and if 
the aggregated results differed, the specimens 
were reviewed and discussed to determine.

Follow-up
All patients were followed up for 5 months, and 
their health status and physical examination 
information were recorded. This study follow-up 
until the date of death or end of the study’s fol-
low-up (March 2022). Routine examination 
items include clinical physical examination, carci-
noembryonic antigen (CEA) testing, and imaging 
examination. In addition, patients were recom-
mended to undergo computed tomography and 
colonoscopy every year.

Statistical analysis
All data analyses in this research were performed 
by IBM SPSS Statistics 26.0. The classification 

parameters were mainly carried out by chi-square 
test, and the number and percentage of cases 
were recorded. Mann–Whitney U-test or 
Student’s t-test was used to compare continuous 
variables and express the mean. The Kaplan–
Meyer log-rank test was used to compare the 
effects of influencing factors on 5-year disease-
free survival (DFS) and 5-year OS, and the com-
parison was made. For the potential prognostic 
factors, the univariate Cox model was used to 
analyze, and then the multivariate Cox model was 
used to further determine the statistically signifi-
cant parameters. Hazard ratios (HRs) and 95% 
confidence interval (CIs) were output. When the 
two-sided P value < 0.05, we consider it to be sta-
tistically significant.

The reporting of this study conforms to the 
STROBE statement.22

Results
In total, 1760 patients received radical surgery 
after CRT between 2011 and 2019, of whom 
290 achieved pCR and 10 pCR patients with 
incomplete information. The average age of 
280 patients was 53.1 years (range: 22–
77 years), and 172 patients (61.4%) were male. 
After the surgery, 74 cases (26.4%) of the rectal 
specimens were identified as having acellular 

Figure 1.  Flow chart for screening suitable patients into this study.
ACT, adjuvant chemotherapy; CRT, chemoradiotherapy; pCR, pathological complete response.
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mucin pools. In the group of pCR patient with 
acellular mucin pools, 49 patients received 
ACT. The characteristics, treatment, and 
pathological characteristics of patients are 

summarized in Tables 1 and 2. There was no 
perineural invasion, lymphovascular invasion, 
and positive circumferential resection margin in 
all patients.

Table 1.  Comparison of the clinical features and treatment measures of LARC pCR patients with and without 
acellular mucin pools.

Variables Total (n = 280) Acellular mucin 
pools (+) (n = 74)

Acellular mucin 
pools (−) (n = 206)

P-Value

Age (years)

   ⩽65 235 (83.9) 66 (89.2) 169 (82.0) 0.151

   >65 45 (16.1) 8 (10.8) 37 (18.0)  

Sex

   Male 172 (61.4) 38 (51.4) 134 (65.0) 0.038

   Female 108 (39.6) 36 (48.6) 72 (35.0)  

Clinical T stage

   2–3 261 (93.2) 68 (91.9) 193 (93.7) 0.598

  4 19 (6.8) 6 (8.1) 13 (6.3)  

 Clinical N stage

   Negative 88 (31.4) 23 (31.1) 63 (30.6) 0.936

   Positive 192 (68.6) 51 (68.9) 143 (69.4)  

Preoperative chemotherapy cycles

   ⩽4 76 (27.1) 13 (17.6) 63 (30.6) 0.031

   >4 204 (72.9) 61 (82.4) 143 (69.4)  

Pre-CRT CEA (ng/mL)

   ⩽5 172 (61.4) 41 (55.4) 135 (65.5) 0.122

   >5 108 (38.6) 33 (44.6) 71 (34.5)  

Circumference (%)

   ⩽50 92 (32.9) 22 (29.7) 70 (34.0) 0.504

   >50 188 (67.1) 52 (70.3) 136 (66.0)  

No. of lymph nodes excised

   ⩽12 183 (65.4) 50 (67.6) 133 (64.6) 0.641

   >12 97 (34.6) 24 (32.4) 73 (35.4)  

CEA, carcinoembryonic antigen; LARC, locally advanced rectal cancer; pCR, pathological complete response.
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Oncological outcomes
After a mean follow-up of 55 months (5–
108 months), 38 of 280 patients (13.6%) occurred 
tumor recurrence, of which 38 had distant metas-
tasis, 4 had local recurrence and distant metasta-
sis. Finally, 17 patients (6.1%) died of aggravated 

disease during follow-up. There was a signifi-
cantly difference in 5-year DFS rate between the 
pCR patients with or without acellular mucin pools 
(79.7% versus 88.8%, P = 0.037) (Figure 2(a)). 
ACT treatment had no significant effect on DFS 
and OS in pCR patients (Figure 3). In the 

Table 2.  Comparison of the clinical features and treatment measures of LARC pCR patients with acellular 
mucin pools.

Variables Total (n = 74) ACT (n = 49) Non-ACT (n = 25) P-Value

Age (years)

   ⩽65 66 (83.9) 44 (89.8) 22 (88.0) 1.000

   >65 8 (16.1) 5 (10.2) 3 (12.0)  

Sex

   Male 36 (48.6) 21 (42.9) 15 (60.0) 0.163

   Female 38 (51.4) 28 (57.1) 10 (40.0)  

Clinical T stage

    2–3 67 (90.5) 44 (90.0) 23 (92.0) 0.254

   4 7 (9.5) 5 (10.0) 2 (8.0)  

Clinical N stage

   Negative 24 (31.4) 16 (32.7) 9 (36.0) 0.773

   Positive 50 (68.6) 33 (67.3) 16 (64.0)  

Preoperative chemotherapy cycles

   ⩽4 13 (27.1) 8 (16.3) 5 (20.0) 0.694

   >4 61 (72.9) 41 (83.7) 20 (80.0)  

Pre-CRT CEA (ng/mL)

   ⩽5 41 (61.4) 31 (63.3) 14 (56.0) 0.545

   >5 23 (38.6) 18 (36.7) 11 (44.0)  

Circumference (%)

   ⩽50 22 (32.9) 16 (32.7) 6 (24.0) 0.441

   >50 52 (67.1) 33 (67.3) 19 (76.0)  

No. of lymph nodes excised

   ⩽12 50 (65.4) 33 (67.3) 17 (68.0) 0.955

   >12 24 (34.6) 16 (32.7) 8 (32.0)  

ACT, adjuvant chemotherapy; CEA, carcinoembryonic antigen; CRT, neoadjuvant chemoradiotherapy; LARC, locally 
advanced rectal cancer; pCR, pathological complete response.
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subgroup of patients with acellular mucin pools, 
15 of 74 patients (20.3%) occurred distant metas-
tasis and 6 patients (8.1%) died of aggravated dis-
ease during follow-up. Comparably, patients with 
acellular mucin pools had improved 5-year DFS 
rates (87.8% versus 64.0%, P = 0.003) and 5-year 
OS rates (95.9% versus 84.0%, P = 0.027) after 
receiving ACT (Figure 4).

Prognostic analysis
In exploring the influencing factors of DFS in pCR 
patients with acellular mucin pools, univariate anal-
ysis showed that clinical N stage positive, pre-CRT 
CEA > 5 ng/mL will lead to worse DFS. ACT was 
beneficial to the improvement of DFS. Moreover, 
in the multivariate analysis, ACT was independ-
ent influencing factors of DFS (HR = 0.245,  

95% CI = 0.084–0.719, P = 0.010) (Table 3). In 
addition, ACT and pre-CRT CEA > 5 ng/mL were 
associated with OS, but multivariate analysis 
showed that only pre-CRT CEA > 5 ng/mL was 
independent factors of OS (HR = 8.866, 95% 
CI = 1.014–77.533, P = 0.049) (Table 4).

Discussion
To our knowledge, this study is the first subgroup 
analysis of pCR patients with acellular mucins 
pools and found that ACT treatment can improve 
DFS in pCR patients with acellular mucins pools.

The American College of Pathologists recom-
mended that acellular mucin pools be seen as a 
therapeutic response rather than a residual tumor, 
but there was not enough evidence to confirm.20,23 

Figure 2.  Kaplan–Meier estimates for oncological outcomes in patients with pCR: (a) DFS and (b) OS.
AMP, acellular mucin pools; DFS, disease-free survival; OS, overall survival; pCR, pathological complete response.
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In fact, previous studies have showed that acellu-
lar mucin pools formed after CRT were not the 
same as mucinous adenocarcinoma for their dis-
tinct composition and characteristics. Meanwhile, 
the intensity of radiotherapy affected the forma-
tion of acellular mucin pools.24 Our results 
showed that acellular mucin pools were found 
preponderantly in preoperative chemotherapy 
cycles > 4. Thus, the presence of acellular mucin 
pools was linked to chemotherapy intensity.

Nevertheless, previous studies suggested that it 
was inappropriate to treat acellular mucin pools 
only as therapeutic responses, because there may 
be an intermediate natural history of the colloidal 
response with or without residual tumor cells.24 
Yanwu Sun et al. demonstrated that the acellular 

mucin pool was associated with significantly 
reduced DFS rate in patients received preopera-
tive CRT and radical surgery.21 Moreover, the 
study from Kaneko et al. revealed that rectal can-
cer patients with acellular mucin pools were more 
prone to distant metastases.20 These studies 
showed that the presence of acellular mucin pools 
may mean that primary tumors were more aggres-
sive. Our results showed that patients with acel-
lular mucin pools have a higher rate of distant 
metastases and that acellular mucin pools were 
risk factors for 5-year DFS and 5-year OS. 
Theoretically, pre-existing tumor micrometasta-
ses cannot be completely treated in all patients. 
Furthermore, due to the genetic biology and 
molecular differences between primary tumors 
and metastatic cells, even in patients who acquired 

Figure 3.  The Kaplan–Meier curve analysis of DFS (a) and OS (b) for LARC pCR patients treated with or without 
ACT.
ACT, adjuvant chemotherapy; DFS, disease-free survival; LARC, locally advanced rectal cancer; OS, overall survival; pCR, 
pathological complete response.
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pCR, metastatic cells may still survive and lead to 
systemic tumor recurrence.25 So we think that the 
presence of acellular mucin pools may be an indi-
cator of aggressive tumor biology. In the presence 
of acellular mucin pools, we should be alert to the 
possibility of micrometastases.

If the presence of an acellular mucin pool is asso-
ciated with worse prognosis, then pCR patients 
with acellular mucin pools should probably be 
considered for ACT. Although American guide-
lines recommend use of ACT in LARC patients, 
the necessity of ACT for pCR is unclear. The 
study from Fang He et al. revealed that ACT 
treatment in pCR patients did not affect 3-year 
survival outcomes. In addition, some studies have 
proved that pCR patients have a similar prognosis 

after received ACT.26–28 Nevertheless, distant 
metastasis of pCR patients can still reach more 
than 10%.29,30 The study from Jian-Hong Peng 
et al. proved that ACT is an independent protec-
tive factor of DFS, which indicated that ACT 
may be beneficial to patients who achieve pCR 
after CRT.31 Furthermore, Polanco et al. showed 
that ACT was beneficial for the prognosis of pCR 
patients with T3/T4 clinical stage and node posi-
tive.32 In addition, Dossa et al revealed that only 
patients with lymph node positive could benefit 
from ACT to improve OS.12 The main problem 
at present is that there are no clear indicators of 
which pCR patients will benefit from the addition 
of ACT. In our research, pCR patients did not 
benefit from ACT, but the subgroup of pCR 
patients with acellular mucin pools received ACT 

Figure 4.  The Kaplan–Meier curve analysis of DFS (a) and OS (b) for LARC pCR patients with acellular mucin 
pools, treated with or without ACT.
ACT, adjuvant chemotherapy; DFS, disease-free survival; LARC, locally advanced rectal cancer; OS, overall survival; pCR, 
pathological complete response.
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Table 3.  Cox regression analysis of prognostic factors for the DFS of LARC pCR patients with acellular mucin pools.

Factors Univariate analysis Multivariate analysis

HR (95% CI) P- Value HR (95% CI) P- Value

Age > 65 years 0.528 (0.069–4.024) 0.537  

Gender (female) 0.867 (0.314–2.395) 0.783  

Clinical T stage 4 2.871 (0.628–13.120) 0.174  

Clinical N stage positive 5.031 (1.023–24.738) 0.047 3.843 (0.686–21.512) 0.126

Preoperative chemotherapy cycles > 4 1.254 (0.282–5.567) 0.766  

ACT 0.231 (0.080–0.667) 0.007 0.245 (0.084–0.719) 0.010

Pre-CRT CEA > 5 ng/mL 3.962 (1.330–11.802) 0.013 2.807 (0.894–8.811) 0.077

Tumor circumference > 50% 1.809 (0.509–6.434) 0.360  

No. of lymph nodes excised > 12 0.807 (0.256–2.542) 0.714  

Anastomotic fistula 1.928 (0.611–6.082) 0.263  

ACT, adjuvant chemotherapy; CEA, carcinoembryonic antigen; CI, confidence interval; DFS, disease-free survival; HR, hazard ratio; LARC, locally 
advanced rectal cancer; pCR, pathological complete response.

Table 4.  Cox regression analysis of prognostic factors for the OS of LARC pCR patients with acellular mucin pools.

Factors Univariate analysis Multivariate analysis

HR (95% CI) P-Value HR (95% CI) P-Value

Age > 65 years 1.636 (0.191–14.043) 0.654  

Gender (female) 0.189 (0.022–1.618) 0.128  

Clinical T stage 4 3.635 (0.395–33.451) 0.254  

Clinical N stage positive 3.393 (0.374–30.767) 0.278  

Preoperative chemotherapy cycles > 4 0.796 (0.092–6.878) 0.836  

ACT 0.179 (0.032–0.993) 0.049 0.197 (0.035–1.097) 0.064

Pre-CRT CEA > 5 ng/mL 9.571 (1.098–83.440) 0.041 8.866 (1.014–77.533) 0.049

Tumor circumference > 50% 2.105 (0.245–18.063) 0.497  

No. of lymph nodes excised > 12 0.479 (0.056–4.108) 0.502  

Anastomotic fistula 0.978 (0.114–8.375) 0.984  

ACT, adjuvant chemotherapy; CEA, carcinoembryonic antigen; CI, confidence interval; HR, hazard ratio; LARC, locally advanced rectal cancer; OS, 
Overall survival; pCR, pathological complete response.

was beneficial to the improvement of DFS. 
Actually, the potential advantage of ACT in 
improving DFS for pCR patients also could be 

detected in some small comparative studies.27,33 
A plausible explanation for our findings was that 
tumor downstaging after CRT may indicate 
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favorable tumor biology. This sensitivity to treat-
ment allowed patients to further benefit from 
ACT.34 The existence of acellular mucin pools 
may represent a sign of invasive tumor biology in 
rectal cancer specimens. So ACT for pCR 
patients with acellular mucin pools may be bene-
ficial by potentially eradicating residual micro-
metastatic disease. To improve the prognosis of 
pCR patients, we suggested that pCR patients 
with acellular mucin pools receive ACT. In the 
meantime, we recommend closer follow-up of 
patients with acellular mucin pools.

In multiple studies, acellular mucin pools were 
found in 16.1–34.2% of rectal cancer specimens 
from pCR patients,35,36 which was not an uncom-
mon event. Consequently, acellular mucin pools 
require careful consideration of their true clinical 
significance. It was undeniable that there were 
some limitations in our study such as retrospec-
tive, single center, and limited sample quantity. 
We hope that more rigorous prospective studies 
can demonstrate the importance of ACT in 
patients with acellular mucin pools.

Conclusion
In conclusion, our study provided more concrete 
evidence on the questions raised, showing that 
the acellular mucin pools may represent a sign of 
invasive tumor biology and lead to a decrease in 
DFS. ACT treatment was beneficial in improving 
prognosis of pCR patients with acellular mucin 
pools, so ACT should be considered for them.
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