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Abstract

Background: Local recurrence is common after curative resections for rectal cancer. Surgical intervention is among
the best treatment choices. However, achieving a negative resection margin often requires extensive pelvic organ
resections; thus, the postoperative complication rate is quite high. Recent studies have reported that the
inflammatory index could predict postoperative complications. This study aimed to validate the correlation
between clinical factors, including inflammatory markers, and severe complications after surgery for local recurrent
rectal cancer.

Methods: This retrospective study included 99 patients that underwent radical resections for local recurrences of
rectal cancer. Postoperative complications were graded according to the Clavien-Dindo classification. Grades ≥3
were defined as severe complications. Risk factors for severe complications were identified with univariate and
multivariate logistic regression models and assessed with receiver-operating characteristic curves.

Results: Severe postoperative complications occurred in 38 patients (38.4%). Analyses of correlations between
inflammatory markers and severe postoperative complications revealed that the strongest correlation was found
between the prognostic nutrition index and severe postoperative complications. The receiver-operating
characteristic analysis showed that the optimal prognostic nutrition index cut-off value was 42.2 (sensitivity: 0.790,
specificity: 0.508). In univariate and multivariate analyses, a prognostic nutrition index ≤44.2 (Odds ratio: 3.007,
95%CI:1.171–8.255, p = 0.02) and a blood loss ≥2850 mL (Odds ratio: 2.545, 95%CI: 1.044–6.367, p = 0.04) were
associated with a significantly higher incidence of severe postoperative complications.

Conclusions: We found that a low preoperative prognostic nutrition index and excessive intraoperative blood loss
were risk factors for severe complications after surgery for local recurrent rectal cancer.
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Background
Colorectal cancer is one of the most common cancers in
the world [1]. The 5-year survival rate for colorectal can-
cer has improved in the last 30 years, due to advance-
ments in surgical and drug treatments. However,
recurrences occur frequently after colorectal cancer sur-
gery. In particular, the local recurrence of rectal cancer
(LRRC) after a curative resection occurs at rates of 5.6
to 11% [2–4].
LRRC can be cured with radical resection. The re-

ported 5-year survival rate is 43 to 70% after a curative
resection for LRRC [5–7]. Local re-recurrences after
LRRC surgery are often observed; therefore, a radical re-
section for LRRC often requires a highly invasive pro-
cedure, such as a total pelvic exenteration (TPE)
combined with a sacral resection [8]. Consequently,
postoperative complications occur frequently in LRRC at
rates of 24 to 68% [9–12].
Recent studies have shown that inflammatory markers,

such as the neutrophil/lymphocyte ratio (NLR) and the
platelet/lymphocyte ratio (PLR), were useful for predict-
ing postoperative complications and prognosis [13, 14].
These markers are calculated based on a complete blood
count, which makes them simple and versatile. In
addition, the prognostic nutritional index (PNI, based on
serum albumin and lymphocyte counts) and the serum
C-reactive protein (CRP)/serum albumin ratio (CAR)
were shown to be effective predictors of postoperative
complications after colorectal cancer surgery [15, 16].
However, no study has clarified the association between
inflammatory markers and postoperative complications
in LRRC.
The purpose of this study was to clarify the correlation

between severe postoperative complications and various
clinical factors, including inflammatory markers, in
LRRC.

Methods
Study population
This retrospective cohort study was performed in Osaka
University Hospital. We collected information for pa-
tients that had undergone curative resections for LRRC
between January 2000 and January 2020. A total of 99
patients were eligible for this study.

Patient and tumor characteristics
We acquired information on patient characteristics, in-
cluding age at surgery, sex, body mass index (BMI), and
the preoperative physical state, assessed with the Ameri-
can Society of Anesthesiologists (ASA) physical status
classification. In addition, we examined the location and
TNM stage of the primary tumor (based on the Union
for International Cancer Control, 8th edition), the post-
operative adjuvant therapy given after the initial

treatment, and the preoperative treatment for LRRC sur-
gery. We also included data on intraoperative details, in-
cluding the surgical procedures, surgical approaches,
combined resected organs, operation time, blood loss
volume, and residual tumor (R status). We assessed the
severity of postoperative complications with the Clavien-
Dindo (CD) classification. Severe postoperative compli-
cations were defined as CD grade ≥ 3.

Inflammatory markers
The latest laboratory data processed before the LRRC
surgery was collected, including the complete blood
count and the serum albumin and CRP levels. Serum
CRP levels under 0.04 mg/L were below the detection
limit of our measuring instrument; therefore, values
under 0.04 mg/L were set to 0.04 mg/L for this analysis.
These data were used to calculate the inflammatory
markers, NLR, PLR, lymphocyte/CRP ratio (LCR), CAR,
and PNI.

Statistical analysis
All categorical data were presented as number of cases
and percentages, while continuous data were shown as
median and interquartile range (IQR). We performed lo-
gistic regression analyses to assess correlations between
the incidence of severe postoperative complications and
each inflammatory marker. We then created receiver op-
erating characteristic (ROC) curves and compared areas
under the ROC curves to determine the strongest effect-
ive marker of severe postoperative complications. We
performed multiple logistic regression analyses to assess
the correlation between severe postoperative complica-
tions and clinical factors.
All data were processed and analyzed with JMP Pro

14.0 (SAS Institute Inc., Cary NC). Two-tailed p-values
< 0.05 were considered statistically significant. We calcu-
lated the exact 95% confidence intervals (95% CIs) for
absolute differences and odds ratios (ORs).
This study was performed in accordance with the Dec-

laration of Helsinki (1975, and revised in 2008). The
study protocol was approved by the Ethics Committee of
Osaka University Hospital. All study participants pro-
vided written informed consent.

Results
Clinical characteristics of the study population
Table 1 and Supplemental Table 1 show patient and pri-
mary tumor characteristics for the 99 patients. The co-
hort included 57 males and 42 females. The median age
was 61 years [IQR 54.5–68]. The median BMI was 22.2
kg/m2 [IQR 20.2–24.1]. The majority of the patients
were class 2 of preoperative physical state (n = 71;
71.7%). A total of 63 patients (63.6%) received neo-
adjuvant therapy for LRRC. More than a half of the
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patients (n = 53; 53.5%) had chemoradiotherapy, whereas
smaller numbers had chemotherapy (n = 9; 9.1%) or radio-
therapy alone (n = 1; 1.0%). About primary tumor charac-
teristics, more than 40% of the primary tumors were
located in the lower rectum (n = 45; 45.6%). Regarding the
T stage of the primary tumors, the majority of patients was
T3 or T4 (T3, n = 48; 48.5%, T4, n = 35; 35.4%). About half
of the patients had lymph node metastasis in the primary
cancers (N1, n = 26; 26.3%, N2, n = 21; 21.2%). Adjuvant
chemotherapy for the primary cancer was given to more
than half of the patients (n = 56; 56.6%).

Preoperative laboratory data and inflammatory makers of
the study population
Table 2 shows the preoperative laboratory data results for
the 99 patients. Regarding complete blood count, the me-
dian numbers of neutrophils, lymphocytes and platelets

were within normal range. The median level of serum al-
bumin (g/dL) was lower than normal value (value = 3.8
[IQR 3.4–4.1]). The median level of CRP was within nor-
mal range (value = 0.09 [IQR 0.04–0.46]. The inflamma-
tory markers were calculated from the blood test data and
each median value was as follow: NLR, 3.1, PLR, 232.5;
CAR, 0.026; LCR, 11417.3; and PNI, 42.8.

Operative details of the study population
Table 3 displays the intraoperative data for the 99 patients.
The majority of the patients (n = 79; 79.8%) underwent a
laparotomy and the rest of 20 patients (20.2%) underwent
laparoscopic surgery. Regarding the type of surgery, the
most common procedure was a tumorectomy or lateral
lymph node dissection (n = 44; 44.4%) and a TPE was per-
formed in 22 patients (22.2%). More than 40% of the pa-
tients (n = 40; 40.4%) underwent a combined sacral
resection. The median operation time was 680min [IQR
438–871], and the median intraoperative blood loss was
2850mL [IQR 530–5240]. In histopathological outcome,
the complete resection rate (R0) was 93.9% (n = 93).

Postoperative complications of the study population
The incidence of postoperative complications is shown in
Table 4. Postoperative complications occurred in 79 pa-
tients (79.8%). Complications included a pelvic abscess in
36 patients (36.4%), perineal wound infections in 37 pa-
tients (37.4%), abdominal wound infections in 16 patients
(16.2%), bleeding in 8 patients (8.1%), bowel obstruction
or ileus in 20 patients (20.2%), urinary tract infections in
21 patients (21.2%), and venous thromboembolism (VTE)
in 5 patients (5.1%). The postoperative complications were

Table 1 Clinical characteristics of the patients with locally
recurrent rectal cancer

Variable Patients (n = 99)

Patient characteristics

Male sex, n (%) 57 (57.6%)

Age at surgery (years), median [IQR] 61 [54.5–68]

BMI (kg/m2), median [IQR] 22.2 [20.2–24.1]

ASA classification (1/2/3/unknown), n 15/71/5/8

Neo-adjuvant therapy 63 (63.6%)

Chemoradiotherapy, n (%) 53 (53.5%)

Chemotherapy alone, n (%) 9 (9.1%)

Radiotherapy alone, n (%) 1 (1.0%)

Values are the number of patients, unless indicated otherwise
IQR interquartile range, BMI body mass index, ASA American Society
of Anesthesiologists

Table 2 Preoperative laboratory data and inflammatory makers
in 99 patients with locally recurrent rectal cancer

Variable Value

CBC, median [IQR]

Neutrophils (/μL) 3391.6 [2446.9–4440.0]

Lymphocytes (/μL) 1082.1 [764.6–1464.2]

Platelets (× 104/μL) 24.1 [20.5–28.1]

Serum level, median [IQR]

Albumin (g/dL) 3.8 [3.4–4.1]

CRP (mg/dL) 0.09 [0.04–0.46]

Inflammatory markers, median [IQR]

Neutrophil/lymphocyte ratio 3.1 [2.3–4.4]

Platelet/lymphocyte ratio 232.5 [156.5–340.5]

lymphocyte/CRP ratio 11,417.3 [2526.4–22,872.9]

CRP/albumin ratio 0.026 [0.010–0.124]

Prognostic nutritional index 42.8 [38.4–46.8]

CBC complete blood count, IQR interquartile range, CRP C-reactive protein

Table 3 Intraoperative details for treating local recurrence of
rectal cancer

Variable Patients (n = 99)

Approach, n (%)

Laparotomy 79 (79.8%)

Laparoscopy 20 (20.2%)

Type of surgery, n (%)

Tumorectomy / lateral lymph node dissection 44 (44.4%)

Low anterior resection 17 (17.2%)

Abdominoperineal resection 16 (16.2%)

Total pelvic exenteration 22 (22.2%)

Combined sacral resection, n (%) 40 (40.4%)

Operation time (minutes), median [IQR] 680 [438–871]

Blood loss (ml), median [IQR] 2850 [530–5240]

Residual tumor status, n (%)

R0 93 (93.9%)

R1 6 (6.1%)

Values are the number of patients (%), unless indicated otherwise
IQR interquartile range
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classified as follows, 41 patients (41.4%) had CD grade I or
II, 36 patients (36.4%) had CD grade III or IV, and 2 pa-
tients (2.0%) had CD grade V.

Correlation between inflammatory markers and severe
postoperative complications
To identify correlations between inflammatory markers
and severe postoperative complications in LRRC, we
performed univariate analyses. Then, we created ROC
curves to analyze the sensitivity and specificity of each
inflammatory marker that was correlated to severe post-
operative complications (Fig. 1). The area under the
curve (AUC) and p-value for each inflammatory marker
are shown in each panel. The PNI showed the strongest
correlation with severe postoperative complications in
LRRC. The PNI cutoff value for indicating severe com-
plications was 44.2, and it showed a sensitivity of 0.790
and a specificity of 0.508.

Risk factors for severe postoperative complications
Potential risk factors for severe postoperative compli-
cations in LRRC were analyzed with univariate and
multivariate analyses based on logistic regression. As
shown in Table 5, the univariate analysis showed that
the PNI and intraoperative blood loss were signifi-
cantly correlated with severe postoperative complica-
tions. The multivariate analysis of these factors
revealed that a PNI < 44.2 (OR: 3.007, 95%CI: 1.171–
8.255, p = 0.02) and blood loss ≥2850 mL (OR: 2.545,
95%CI: 1.044–6.367, p = 0.04) were independent risk
factors (Table 6).

Discussion
Postoperative complications are known to be associated
with a poor prognosis in colorectal cancer [17]. We
found a postoperative complication rate of 79.8% in
LRRC, and the rate of CD ≥ III complications was 38.4%.
To avoid postoperative complications, it is important to
know the risk factors and provide a presurgical thera-
peutic intervention to prevent them. We identified two
independent risk factors for complications after LRRC
surgery in this study: a preoperative PNI < 44.2 and in-
traoperative blood loss ≥2850mL. These findings indi-
cated that the preoperative nutritional status and
surgical invasiveness could be related to severe postoper-
ative complications in patients with LRRC.
The PNI is a simple nutritional index, based on the

serum albumin level and the lymphocyte count. It has
been associated with perioperative complications in vari-
ous carcinomas [18, 19]. Albumin is an index of nutri-
tional capacity, and lymphocytes are an index of
nutrition and immune capacity. Thus, the PNI reflects
nutrition and immune status. Accordingly, patients with
low PNIs are expected to have low wound healing ability
and low immune function.
One might ask why did severe complications after

LRRC surgery show a stronger correlation with PNI than
with other inflammatory markers? One explanation
might be that the NLR and PLR values after chemother-
apy did not reflect the nutrition and immune status cor-
rectly. Chemotherapy reduces blood cell counts by
suppressing bone marrow activity; therefore, the NLR
and PLR might be affected, because they are calculated
from blood cell counts. In the present study, preopera-
tive chemotherapy for LRRC was performed in 62 pa-
tients (62.6%). As a result, the NLR and PLR might be
less sensitive to severe postoperative complications than
expected. Another potential explanation might be the
limited accuracy of our blood test equipment. Because
we could not assess CRP levels below 0.04, CRP levels
less than 0.04 were treated as 0.04 in this study. There-
fore, we could not accurately assess the CAR and LCR
values, which required the CRP level.
The relationship between blood loss and postoperative

complications was previously reported in colorectal can-
cer surgery [20, 21]. Heavy bleeding can change the
hemodynamics and impair organs, particularly the kid-
neys and liver, and it also affects coagulation. These
changes can lead to several postoperative complications,
such as VTE and bleeding. It has been reported that
VTE and bleeding at or greater than CD grade III after
curative resection of primary colorectal cancer occurs at
rates of 0 to 0.16% and 0.2 to 0.81%, respectively [22–
24]. Compared with these data, in the present study,
VTE and bleeding events more frequently occurred
(Table 4).

Table 4 Postoperative complications in patients treated for
local recurrence of rectal cancer

Complication Patients (n = 99)

No complications, n (%) 20 (20.2%)

Total complications, n (%) 79 (79.8%)

Perineal wound infection 37 (37.4%)

Pelvic abscess 36 (36.4%)

Urinary tract infection 21 (21.2%)

Bowel obstruction / ileus 20 (20.2%)

Abdominal wound infection 16 (16.2%)

Bleeding 8 (8.1%)

Venous thromboembolism 5 (5.1%)

Others 44 (44.4%)

Clavien-Dindo classification, n (%)

Grade I or II 41 (41.4%)

Grade III or IV 36 (36.4%)

Grade V 2 (2.0%)
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Some previous studies have reported that preoperative
nutritional interventions were effective for postoperative
outcomes in various types of cancer. Indeed, preopera-
tive exercise and nutritional support improved the

postoperative outcome in patients with gastric cancer
[25]. Despite concern that nutritional interventions
might delay surgery, preoperative treatments are often
performed in patients with LRRC; therefore, there

Fig. 1 Receiver operating characteristic curves analysis to evaluate the predictive value of each inflammatory marker for postoperative
complications in patients with local recurrent rectal cancer (LRRC). Preoperative prognostic nutrition index showed the highest accuracy for the
prediction of postoperative complications compared with neutrophil-lymphocyte ratio (NLR), platelet-lymphocyte ratio (PLR), lymphocyte-CRP
ratio (LCR) and CRP-albumin ratio (CAR) in patients with LRRC
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should be sufficient time to improve the patient’s nutri-
tional status.
We previously reported that laparoscopic surgery was

safe and useful for LRRC [26]. The magnifying effect of
the laparoscope is highly effective in surgery for pelvic
organ cancers, where it is difficult to expand the field of
view. Additionally, the carbon dioxide insufflation used
to create a working space in the abdomen can provide
pressure, which reduces bleeding. Indeed, patients with
rectal cancer that underwent laparoscopic surgery had
less intraoperative blood loss than patients that under-
went a laparotomy [27, 28]. Although laparoscopic sur-
gery for LRRC could potentially prevent intraoperative
and postoperative complications, the number of patients
that underwent laparoscopic surgery in this study was
insufficient to assess the correlation between the surgical
approach and complications.
This study had some limitations. First, the study was

retrospective, and data were from a single center. Sec-
ond, the cohort was relatively small. Although 99 pa-
tients represented a relatively large cohort in clinical
research for LRRC, it was insufficient to clarify the risk
factors for postoperative complications.

Conclusions
In conclusion, we found that a PNI < 44.2 and blood loss
≥2850mL were independent risk factors for severe com-
plications after LRRC surgery. Preoperative interventions
that improve the nutritional status and an approach that
reduces surgical invasiveness could potentially reduce
the risk of severe complications after LRRC surgery.
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