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Abstract
Purpose Current guidelines suggest that adjuvant chemotherapy (AC) be administered to all locally advanced (clinically T3–4 or
N-positivity) rectal cancer patients undergoing neoadjuvant chemoradiotherapy (nCRT) and radical surgical resection regardless
of the final pathological staging (yp staging). This study aimed to evaluate the necessity of AC for ypT0-2N0 rectal cancer.
Methods Patients with ypT0-2N0 rectal cancer, who received nCRT and radical surgical resection, were recruited retrospectively
at a university hospital. The main outcome was to evaluate the 5-year overall survival (OS) and disease-free survival (DFS)
between ypT0-2N0 rectal cancer patients with AC and those without AC. We also identified potential independent prognostic
factors associated with poor outcomes.
Results One hundred and ten ypT0-2N0 rectal cancer patients (ypT0: n = 6; ypT1: n = 44; ypT2: n = 60) were followed up for a
median of 60months. No significant difference was observed in DFS and 5-year OS between patients with AC and those without
AC. The risk of recurrence was associated with the postoperative pathological staging (0%with ypT0, 2.4%with ypT1, and 10%
with ypT2). In the multivariate analysis, retrieval of < 12 lymph nodes was an independent favorable prognostic factor, which
correlated with a higher OS (HR: 2.263; 95% CI: 1.093–4.687, P = 0.028). Intra-tumor lymphovascular and perineural invasion
were poor prognostic markers for shorter DFS (HR: 5.940; 95% CI: 1.150–30.696, P = 0.033).
Conclusion Postoperative AC is not required for patients with ypT0-2N0 rectal cancer downstaged by nCRT, especially in those
without poor prognostic factors.
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Introduction

Neoadjuvant chemoradiation therapy (nCRT) followed by radi-
cal surgical resection is the current mainstay treatment for locally
advanced (clinical stage of T3–4 or N-positivity) rectal cancer [1,
2]. Compared with postoperative radiotherapy, nCRT decreases
the local recurrence rate [3] and reduces toxicity [4].
Furthermore, nCRT may enhance the magnitude of tumor
shrinkage and increases the possibility of performing sphincter-
sparing surgery, which may help achieve better functional out-
comes [5].

According to the National Comprehensive Cancer
Network® (NCCN®) guidelines of 2020, a 6-month perioper-
ative adjuvant chemotherapy (AC) should be universally ad-
ministered irrespective of the postoperative pathological staging
for locally advanced rectal cancer patients undergoing nCRT
and radical surgery [2]. The rationale of these guidelines
adopted the concept before the era of preoperative radiation,
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which indicated that adjuvant 5-fluorouracil (5-FU) would im-
prove the overall survival (OS) in operated patients with Dukes’
B and C rectal cancer [6]. Furthermore, the rationale of guide-
lines is based on a speculation taken for granted that the benefits
of postoperative AC of stage III colon cancer patients may
extrapolate to stage III rectal cancer patients [7, 8].

However, for locally advanced rectal cancer patients
pretreatedwith nCRT and surgery, there is controversy surround-
ing the undifferentiated use of AC without specifying the final
pathological stage (i.e., yp stage). To date, the absence of robust
evidence makes AC in pretreated rectal cancer precarious and
exposes the patients to additional toxicity [9]. It seems that it
should be the final pathological stage, not pre-nCRT clinical
stage, that accurately predicts the outcomes. For example, pa-
tients with pathologically complete response to nCRT demon-
strated excellent outcomes and did not require AC [10, 11].
Moreover, in some patients who achieved a certain degree of
downstaging, such as those with stage ypT1–2 or ypN0, some
previous studies failed to observe the survival benefits of AC in
this patient group [12]. Therefore, it makes no sense to give AC
to such people unless robust evidence is presented.

Hence, we hypothesize that the need for administering AC
should be based on the pathological staging (yp staging) rather
than the clinical staging. As it is difficult to verify this hypoth-
esis by conducting a randomized controlled study based on the
considerations in the current practice guidelines, this retro-
spective study aimed to evaluate the necessity of AC in the
ypT0-2N0 subgroup of rectal cancer patients using a prospec-
tively collected database. Further, we aimed to identify the
potential prognostic factors for recurrence and mortality in
stage ypT0-2N0 rectal cancer patients.

Materials and methods

Patient selection

Between January 2006 and December 2011, 389 patients, who
were diagnosed with locally advanced (cT3–4 or nodal positivity
on radiological images), non-metastatic, middle, and lower rectal
cancer (less than 12 cm from the anal verge), were treated with
nCRT plus radical surgical resection at our hospital. Among
them, 110 patients with a pathological stage of T0–T2, without
nodal involvement, and without distant metastasis (ypT0-
2N0M0) were recruited for this study. All data collected in this
study were retrieved retrospectively from a prospectively collect-
ed colorectal database of a single institution (National Taiwan
University Hospital, NTUH), and the study was approved by the
Institutional Review Board, which waived the need for obtaining
an informed consent. Data on the patient’s demographic charac-
teristics as well as the intraoperative and postoperative parame-
ters such as age, sex, performance status (Eastern Cooperative
Oncology Group, ECOG), tumor location, type of surgery,

pathological stage, the number of retrieved lymph nodes (LNs),
and tumor differentiation were obtained for the analysis.

Treatment

All patients underwent nCRT based on the standard protocol.
The treatment included two courses of preoperative chemother-
apy: (1) 5-FU 2000 mg/m2 and leucovorin (LV) 200 mg/m2 IV
infusion for 24 h, every 2 weeks for a total of 8 weeks, and (2)
oral capecitabine (Xeloda, Roche), capecitabine 800 mg/m2

twice daily for a total of 8 weeks. In addition, the radiation dose
was 180 cGy per day delivered in 25 fractions. The patient re-
ceived a total radiation dose of 4,500–5,040 cGy over 5 weeks.
Radiotherapy was administered to the whole pelvis.
Radiotherapywas delivered using a three-dimensional conformal
radiotherapy treatment planning system. The upper border of the
tumor bed field was the L5/S1 junction, while the lower part was
the inferior border of the ischial tuberosity. The lateral borders of
the radiotherapy were located 1.5 cm lateral to the bony pelvis,
and the posterior border encompassed the whole sacrum.

Radical surgery for rectal cancer was performed 6–8 weeks
after the completion of nCRT. The type of surgery included
low anterior resection, abdominoperineal resection, or
sphincter-preserving surgery (coloanal anastomosis). All the
total mesorectal excision (TME) and the LN retrieval abided
by the following principles: (1) high/low ligation of the infe-
rior mesenteric artery (IMA) and removal of the LN along the
course of the vessel and (2) complete resection of the
mesorectal envelope containing the rectum and adjacent
lymphovascular tissue.

The following AC regimens were used during the study: (1)
5-FU 2000 mg/m2 and leucovorin (LV) 200 mg/m2 IV infusion
for 24 h, every 2 weeks for a total of 16 weeks, and (2) oral
capecitabine (Xeloda, Roche) 800 mg/m2 twice daily for a total
of 16 weeks.

Surveillance

All patients underwent regular follow-up, including physical ex-
aminations, blood tests such as complete blood cell count and
serum carcinoembryonic antigen (CEA) level, and
colonofibroscopy. The patient also underwent imaging studies
such as abdominal ultrasonography and chest X-ray. Computed
tomography (CT) scan or magnetic resonance imaging (MRI)
was performed when there was a suspicion of recurrence.

Statistical methods

The chi-square test was used for the comparison of categorical
variables. Disease-free survival (DFS) was defined bymeasuring
between the date of the primary surgery and the date of recur-
rence. The OS time was defined by measuring between the date
of primary surgery and the time of the last visit or death. The last
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follow-up date was January 2017. Survival was demonstrated
using the Kaplan-Meier curve. We calculated the significance
of differences between subgroups using the log-rank test. A mul-
tivariate Cox regression analysis with stepwise selection was
applied to identify the independent prognostic factorswhichwere
associated with survival. A probability value of less than 0.05
was considered significant. All tests were two sided. The analy-
ses were carried out using SPSS version 16.0 for Windows.

Results

During a median follow-up period of 60 months, a total of
110 rectal cancer patients with stage ypT0-2N0M0 were
treated at NTUH. Among them, 34 (30.9%) underwent total
mesorectal excision (TME) alone, while 76 (69.1%)
underwent TME plus 5-FU-based AC. Table 1 summarizes
the clinicopathological features of the analyzed patients
stratified by postoperative treatments. Notably, age was still
an important determinant for choosing postoperative treat-
ment. Patients who did not receive postoperative AC were
significantly older than those who received AC (P = 0.005).

The tumor location (defined by the distance above the anal
verge) in patients receiving AC was higher than that in pa-
tientswithoutAC (P=0.033). The other important variables,
including sex, pathological T stage, differentiation, intra-
tumor invasion (i.e., if the pathological report showed ve-
nous, lympho-vessel, or perineural invasion), type of sur-
gery, number ofLNsampling, andECOGperformance,were
not significantly different between the two groups.

A total of 17 rectal cancer patients with cN1 showed nodal-
staging migration to pN0. Among them, 11 patients presented
LN retrieved < 12, while 6 patients presented LN retrieved ≥
12. Among the 92 cN0 rectal cancer patients, 57 patients pre-
sented LN retrieved < 12, while 35 patients presented LN
retrieved ≥ 12. No association was found between pretreated
nodal status (cN staging) and the number of retrieved LNs (P
= 0.854).

R0 resection with a negative circumferential resection
margin was achieved, which was examined and confirmed
by the pathologists, and there were only two cases with
local recurrence in this series (recurrence rate = 1.8%).
AC was administered in 76 patients with the 5-FU based
regimens. Finally, 38 patients failed to receive the

Table 1 Clinicopathological
findings of patients with ypT0-
2N0 rectal cancer

Characteristics TME + Adjuvant chemotherapy (n = 76) TME only (n = 34) P value

Age 62.14 ± 13.167 69.5 ± 10.754 0.005

Sex 0.790

Male 54 25

Female 22 9

Distance 0.033

< 4 27 9

4~8 30 22

8~12 19 3

Poor differentiation 6.6% 5.9% 0.890

Intra-tumor invasionΩ 11.8% 5.9% 0.277

Type of surgery 0.258

Low anterior resection 66 32

Abdominoperineal resection 10 2

Pathological T stage 0.670

0 5 1

1 29 15

2 42 18

LN sampling number 0.889

< 12 48 21

≧ 12 28 13

PerformanceΨ 0.986

0 56 25

1 20 9

5-year overall survival rate 84.8 % 85.7 % 0.529

TME, total mesorectal excision; Ψ Performance status: according to the definition of ECOG-WHO; Ω Intra-tumor
invasion (present): if the pathological report revealed venous, lympho-vessel or perineural invasion
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treatment of AC because of other comorbidities, older age,
or patients’ refusal of AC.

Interestingly, our results found that the administration
of AC influenced neither the patients’ 5-year DFS nor the
5-year OS (P = 0.372 and P = 0.529, respectively,
Table 2, Fig. 1). After further exploring the potential
prognostic factors that may affect patient outcomes, we
found that the 5-year OS rates in patients with < 12 re-
trieved LNs and in those with ≥ 12 retrieved LNs were
95.6% and 90.7%, respectively (Fig. 2, P = 0.014). The
retrieved LNs < 12 was a favorable prognostic factor for
5-year OS (Table 2). Moreover, the 5-year DFS rates of
patients with intra-tumor invasion and those without intra-
tumor invasion were 68.6% and 93.5%, respectively (P =

0.015, Fig. 3). Intra-tumor invasion was inversely associ-
ated with 5-year DFS (Table 2).

In the multivariate analysis, retrieval of > 12 LNs was the
most unfavorable factor associated with lower OS (hazard
ratio [HR]: 2.263; 95% confidence interval [CI]: 1.093–
4.687, Table 3). Intra-tumor lymphovascular or perineural in-
vasion was another significant unfavorable factor for shorter
DFS (HR: 5.940; 95% CI: 1.150–30.696; Table 3).

Discussion

The benefit of AC for downstaged ypT0-2N0 rectal cancer
after nCRT remains controversial. Our study demonstrated

Table 2 Univariate analysis for
5-year overall and 5-year disease-
free survival in 110 patients with
ypT0-2N0 rectal cancer

Characteristics Patient no. 5-year overall
survival rate

P value 5-year disease-free
survival

P value

Age 0.264 0.286

< 70 69 92.7% 94.9%

≧ 70 41 76.6% 87.8%

Gender 0.325 0.382

Male 79 84.9% 91.1%

Female 31 87.5% 93.3%

Performance 0.312 0.982

0 81 87.3% 92.7%

1 29 92.9% 89.9%

Tumor depth 0.718 0.239

ypT0 6 100% 100%

ypT1 44 85.5% 97.6%

ypT2 60 82.8% 87.2%

Differentiation 0.446 0.449

Well to moderate 103 93.2% 93.2%

Poor 7 100% 80.0%

Operation 0.203 0.206

LAR 98 92.7% 93.9%

APR 12 100% 82.5%

Invasion 0.076 0.015

Present 7 62.5% 68.6%

Absent 103 94.5% 93.5%

Distance 0.285 0.139

< 4 36 76.5% 85.0%

4~8 52 96.9% 97.4%

8~12 22 100% 94.4%

LN sampling number 0.014 0.126

≧ 12 41 90.7% 83.4%

< 12 69 95.6% 94.9%

Treatment 0.529 0.372

TME only 34 85.7% 92.3%

TME + adjuvant chemotherapy 76 84.8% 91.0%
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no survival benefits of postoperative AC in downstaged ypT0-
2N0 rectal cancer patients. The results suggest that the univer-
sal use of AC in downstaged ypT0-2N0 rectal cancer patients
should be reconsidered, especially in those without adverse
prognostic factors.

Level I studies did not provide a strong evidence regarding
the need for AC in locally advanced rectal cancer patients

pretreated with nCRT and radical surgery, although this was
proposed in the NCCN guidelines [2]. The randomized con-
trolled study EORTC 22921 also failed to support the benefits
of adjuvant 5-FU in the 5-year OS [13]. Furthermore, three
other randomized prospective trials (PROCTOR/SCRIPT
[14], CHRONICLE [15], and I-CNR-RT [16]) showed that
AC had no survival benefits. The PORCTOR/SCRIPT [14]
and CHRONICLE [15] studies used 5-FU/LV (PROCTOR)
or capecitabine (SCRIPT and CHRONICLE) as AC regimens.
Despite incomplete patient accrual, these two studies showed
that AC did not provide benefits in DFS, OS, or recurrence
rate. The I-CNR-RT trial [16] used 5-FU/LV as AC with a
reduced dose (5-FU 350 mg/m2 and folinic acid 20 mg/m2)
and reported that AC did not improve the DFS, OS, or distant
metastatic rate. The same findings were repeatedly reported in
other retrospective studies conducted on patients with locally
advanced rectal cancer [17–19].

However, the data that support the benefits of AC in
pretreated locally advanced rectal cancer were obtained from
some retrospective cohort studies [20–22]. Garlipp et al. per-
formed a propensity score matching to analyze 1040
pretreated rectal cancer patients receiving 5-FU/capecitabine/
oxaliplatin-based AC and showed an improvement in DFS
[22]. Tiselieus et al. retrospectively recruited 436 patients with
stage III rectal cancer pretreated with nCRT and surgery and
receiving 5-FU/LV as AC. This study showed that AC im-
proved the OS [23]. Moreover, the pathological complete re-
sponse (pCR) rate after nCRP plus surgery was reported to be
20% [24], and recent cohort studies in patients with pCR
demonstrated the OS benefits of FU-based AC, compared
with surveillance alone [20, 21]. Overall, these contradictions
in previous studies posed a predicament for AC in rectal can-
cer patients pretreated with nCRT and surgery. Therefore, it is
necessary to assess the necessity of AC in downstaged rectal
cancer and identify the specific group that will benefit from
this treatment.

Tumor response to nCRT is difficult to predict in patients
with locally advanced rectal cancer; therefore, postoperative

Fig. 1 a Analysis of the overall survival (Kaplan-Meier) for 110 ypT0-
2N0 rectal cancer patients according to the adjuvant chemotherapy. b
Analysis of the disease-free survival (Kaplan-Meier) for 110 ypT0-2N0
rectal cancer patients according to the adjuvant chemotherapy

Fig. 2 Analysis of the overall survival (Kaplan-Meier) for 110 ypT0-2N0
rectal cancer patients according to the number of retrieved lymph nodes

Fig. 3 Analysis of the disease-free survival (Kaplan-Meier) for 110
ypT0-2N0 rectal cancer patients according to the status of intra-tumor
lymphovascular or perineural invasion
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pathological staging rather than preoperative clinical staging
might be a reliable predictor and can be used a basis for de-
termining the necessity of AC [11, 25]. In light of the
abovementioned concept and conflicting data on the universal
use of AC, the following questions were raised: what sub-
groups of patients can benefit from AC and what subgroups
of patients require supportive care alone without AC. Our
results showed that pre-nCRT patients with downstaged
ypT0-2N0 did not benefit from AC. The same observation
was reported in the previous studies conducted by
Govindarajan et al. [17] and Yu et al. [18]. Govindarajan
et al. performed a retrospective cohort study enrolling 203
ypT0-2N0 patients and showed that adding AC (N = 173)
had no effect on the 5-year DFS. Yu et. al.’s retrospective
study, enrolling 91 ypT0-2 patients, indicated that AC (N =
65) did not improve the OS or DFS. Our results are similar to
those of previous studies.

In our study, retrieval of < 12 LNs was associated with a
better 5-year OS compared with the retrieval of ≥ 12 LNs.
The number of LNs retrieved is conventionally viewed as an
indicator of surgical radicality as well as an indicator of
proper staging [25, 26]. According to the NCCN guidelines,
retrieval of at least 12 LNs meet the criteria for adequate
staging. However, some studies have doubted this view
based on the observation that the number of LNs harvested
in patients after nCRT appeared to be less compared with
those harvested from patients who did not receive nCRT.
The studies also found that retrieval of < 12 LNs was asso-
ciated with a favorable DFS or OS. The decreased number
of LNs harvested may be regarded as an individual’s re-
sponse to the chemoradiation therapy rather than an indica-
tion of surgical insufficiency [27, 28]. The LNs in the
mesorectum are vulnerable to irradiation. Therefore, radio-
therapy can cause lymphocyte apoptosis or atrophy of the
stroma [29]. Additionally, from the anatomical view, the
total number and size of LNs were lesser and smaller in
rectal specimens than in colon specimens [30]. Thus, the
anatomical characteristics and irradiation effects attributed
to the decreased number of LNs harvested in patients who
received nCRT. In this context, the overall effect of sam-
pling a smaller number of LNs could not be considered as
understaging, which is associated with poor prognosis [27].

One of the prognostic factors corresponding to poor 5-year
DFS in our study was lymphovascular or perineural invasion.
Microscopic lymphovascular or perineural invasion indicates
a higher invasive propensity of the tumor and is a high-risk
feature of stage II colon cancer [31]. Lymphovascular or peri-
neural invasion was also identified as an independent unfavor-
able prognostic factor for DFS in the study published by Park
et al. [32] and an independent poor prognostic factor of short-
ened OS and DFS in the study by Leonard et al. [33].

This current study had several limitations. First, age was
still unavoidably an important determinant and was a potential
selection bias during the selection of the postoperative treat-
ment modality. In our study, among the patients pretreated
with nCRT and surgery, a significant imbalance was observed
in the age distribution between patients with AC and those
without AC. In addition, AC was intended to be administered
younger patients with fewer comorbidities and better physical
performance. The second limitation was the retrospective na-
ture of data collection, which weakened the strength of the
interpretation. For example, the tumor locations (distance
above the anal verge) were different between patients receiv-
ing AC and those not receiving AC. Moreover, the impact of
prognostic factors (retrieved LNs < 12 and the presence of
lymphovascular invasion) should be examined in a larger
study sample in order to consolidate the findings. Third, the
study was a single-institution, retrospective cohort study,
which may also have led to a potential selection bias.
Further large-scale, prospective, randomized studies are war-
ranted and may overcome these weaknesses. Nevertheless, we
believe that the current results provide important information
regarding the effectiveness of AC in the ypT0-T2N0 patient
subgroup for clinical judgment.

Conclusion

Our study revisited the need for the universal use of AC irre-
spective of the final pathological stage in patients with locally
advanced rectal cancer pretreated with nCRT and radical sur-
gical resection. Additionally, we suggest that patients with
ypT0-2N0 rectal cancer may not need AC, especially those
without adverse prognostic factors.

Table 3 Results of multivariate
Cox regression modeling of 5-
year overall survival and disease-
free survival in ypT0-2N0 rectal
cancer

Variable Hazard ratio 95% confidence interval P value

Overall survival LN number 0.028

< 12 1

≧ 12 2.263 1.093~4.687

Disease-free survival Intra-tumor invasion 0.033

Absent 1

Positive 5.940 1.150~30.696
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