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Abstract
The preoperative prognostic nutritional index (PNI) calculated based on the serum albumin concentration and peripheral blood
lymphocyte count has been reported to correlate with the prognosis in patients undergoing cancer surgery. However, in case of
very old patients over 85 years old, the value of preoperative PNI in colorectal cancer has not been studied in any detail. The aim
of this study was to assess the PNI as a predictor of postoperative outcome in elderly patients over 85 years old with colorectal
cancer. We performed a retrospective review in forty-five patients over 85 years old who underwent colorectal tumor resection at
our hospital from April 2013 to March 2018. The correlations between preoperative PNI and postoperative complications were
examined. The incidence rate of postoperative complications was 31.1% (14/45). All of cases with postoperative complications
were improved conservatively. The median preoperative PNI was 43.20 (range 24.05–57.05) in the validation study. According
to the receiver operating characteristic (ROC) curve, cutoff value of PNI was set at 45.0 in the validation study. An univariate
analysis demonstrated that PNI (p = 0.0006), operation style (elective/emergency) (p = 0.03), operation approach
(open/laparoscopy) (p = 0.03), and T factor (p = 0.04). A multivariate analysis showed that PNI was independent predictive
factor of postoperative complications.Moreover 3-year overall survival rates of patients in the PNI ≧ 45 and PNI < 45were 100%
and 63.8%, respectively (p = 0.009). This study suggested that PNI is a pivotal independent predictor of the postoperative
outcome among elderly patients over 85 years old after colorectal cancer surgery.
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Introduction

Incidence of colorectal cancer (CRC) has increased in recent
years; CRC is the third most common cause of cancer-related
death worldwide [1]. Despite improved treatments, CRC re-
currences arise at a steady rate. Long-term survival and local
recurrence in CRC patients are affected by postoperative com-
plications (PCs) [2–5]. For any patient, PCs can affect quality
of life and activities of daily living, but they are an especially
heavy burden for elderly patients who are already suffering
the stress of surgery and hospitalization. Therefore,

identifying predictors for PCs from preoperative data should
help manage elderly patients.

Onodera’s prognostic nutritional index (PNI) is calculated
from serum albumin concentration and peripheral blood lym-
phocyte (PBL) count. It indicates the patient’s nutritional and
immunological status, and is used to predict risk of several
kinds of complications after surgery [6, 7]. Moreover, it has
been proposed to be causally related to overall survival (OS)
in some cancers [8–12].

However, we have found few reports of the relationship
between preoperative PNI and PCs in very elderly (≥ 85 years
old) patients with CRC. Therefore, this study assessed PNI as
a predictor of postoperative short- and long-term outcomes in
patients aged ≥ 85 years old with CRC.

Patients and Methods

BetweenApril 2013 andMarch 2018, 504 consecutive patients
with primary CRC underwent radical surgical procedures at
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the Department of Digestive Surgery, Kawasaki Medical
School. Among them, 45 patients who were at least 85 years
old at the times of their surgeries were retrospectively evaluat-
ed in this study, using those patients’ medical records, which
included information on patients, their tumors, surgeries, and
prognoses. Patients who underwent palliative surgery, had he-
matologic disease or immunologic disease, suffered from small
or large bowel obstruction, or were treated with preoperative
chemotherapy were excluded.

All preoperative data included height and weight measure-
ments, and blood samples that were collected within 14 days
before operation. Onodera’s PNI was calculated as (10 × se-
rum albumin as g/dl) + (0.005 × PBL per mm3) in accordance
with the well-known formula [6], and was measured within
7 days before surgery.

We defined PCs as having occurred within 30 days after
surgery. They were graded by the widely used Clavien–Dindo
system for classifying surgery-related adverse events (grade I:
deviations from normal post-operative course that do not re-
quire surgical, endoscopic or radiological intervention; grade
II: PCs requiring drug treatments other than those allowed for
grade I PCs; grade III: PCs requiring surgical, endoscopic or
radiological intervention; grade IV: life-threatening PCs, in-
cluding central nervous system PCs; grade V: death) [13].

Statistical Analysis

Statistical analyses were performed with JMP ver. 14.0 (SAS
Institute Inc., Cary, NC, USA). Data are presented as means or
median values and standard deviations. Continuous variables
were analyzed by Student’s t test and categorical variables
were analyzed by the χ2 test. The PNI cutoff value was
established by a receiver operating characteristic (ROC)
curve. Survival analysis was performed using the Cox propor-
tional hazard model. Multivariate analysis for PC incidence
was performed with logistic analysis. Statistical significance
was determined by p values of less than 0.05.

Results

Patient Characteristics and Operative Details

Patient characteristics are summarized in Table 1. This study
included 45 eligible patients aged ≥ 85 years old (21 men and
24 women). Their median age was 88.0 ± 3.4 years old (range
85–99 years). Of the 45 surgeries, 10 (22.2%) were urgent.
Nine patients (20.0%) had class 3 American Society of
Anesthesiologists Physical Status (ASA-PS) which quantifies
surgical risk. Cardiovascular disease was the most common
underlying disease. The patients collectively had 29 right-
colon tumors and 10 left-colon tumors. Their median PNI
was 42.135 (range 24.05–57.05). The ROC curve for PNI

indicated that the optimal cutoff value to predict PCs was 45
(area under the curve 0.72, moderate accuracy). Patients were
divided into the PNI-H group (PNI ≥ 45) and PNI-L group
(PNI < 45).

Postoperative Complications

Some PCs overlapped (Table 2). The most common were
pneumonia and paralytic ileus (n = 4 for both), followed by
surgical site infections (n = 3), intra-abdominal abscess (n =
1), urinary tract infection (n = 1), melena (n = 1), sepsis (n =
1), and acute heart failure (n = 1). Incidence of PCs was 31.1%
(14/45). No patients experienced hospital death. All compli-
cations were treated with conservative therapies.

Preoperative Factors Affecting Postoperative
Outcome

Table 3 shows patients’ clinical laboratory and pathological
characteristics by high or low PNI. Physical status of PNI-L
patients was much poorer than that of PNI-H patients. Lymph
node dissection, tumor burden, ASA-PS, and operation
methods were significantly associated with PNI. Incidences
of PCs were 5.3% for PNI-H patients and 50.0% for PNI-L

Table 1 Patient characteristics (n = 45)

Gender Male 21

Female 24

Age 88.0 ± 3.4 (85–99)

Body mass index (BMI) 20.1 ± 3.0

Preoperative ASA/PS 1/2/3 10/26/9

PNI 42.135 (24.05–57.05)

Operation Elective 35

Urgent 10

Underlying diseases
(there is some
overlapping)

Cardiovascular 33

Endocrine 7

Respiratory 4

Urologic 4

Cranial nerve 3

Rheumatic 2

Tumor localization Right colon (C/A/T)
Left colon (D/S)
Rectum

10/11/8
4/6
6

Approach Open/Laparoscopic 18/27

Lymph node dissection D1/D2/D3 5/10/30

Histological tumor type
(there is some
overlapping)

Pap
Tub1
Tub2
Por
Sig
Muc
Goblet cell carcinoid

1
32
34
8
1
11
1
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patients (P = 0.0006). Mean postoperative hospital stays were
15.3 days for PNI-H patients, compared with 25.5 days for
PNI-L patients (p = 0.004).

In univariate analysis, age, PNI, and tumor location were
associated with PCs. In multivariate analysis, only PNI was
independently associated with PCs (odds ratio 18.74: 95%
confidence index 1.18–298.04; p = 0.038; Table 4).

Overall survival was evaluated (Fig. 1). Three-year OS
rates were PNI-H 100% and PNI-L 63.8%. There was signif-
icant difference between the two groups (p = 0.009).

Discussion

The use of a prognostic nutritional index in gastrointestinal
surgery was first described by Buzby et al. in 1980 [14], who
calculated their index by four factors: serum albumin, triceps
skinfold, serum transferrin, and cutaneous delayed hypersen-
sitivity reactivity grade. Although their index was potentially
useful, this method was somewhat laborious for practical use.
Four years later, Onodera et al. designed a more convenient
PNI, based on serum albumin concentration and PBL count,
which is more widely used, in Japan and elsewhere. We se-
lected it to evaluate patients’ nutritional status.

The relationship between PNI and short- or long-term
prognosis in CRC patients has been the subject of some re-
ports. We found low PNI (i.e., lower than cut-offs of 45 to 50)
was an independent predictor of poor survival in four retro-
spective studies [11, 15–17]. PNI was significant predictor of
PCs in patients with CRC who underwent primary tumor re-
section [15]. Yano et al. also showed that preoperative PNI
was a predictor of PCs in laparoscopic colorectal surgery [18].

Several retrospective studies have indicated a cause-and-
effect relationship between preoperative PNI and PCs among
elderly persons with CRC. Tei et al. described a significant
relationship between PNI and PCs in patients older than
71 years who underwent open colorectal surgery [19] and

showed that PNI was the independent risk factor for post-
operative delirium, using multivariate analysis in the same
population [20]. However, another report could not prove
clearly that preoperative PNI (cutoff value 40) was signif-
icantly related to PCs, surgical site infections, 3-year re-
lapse-free survival, or 5-year OS in patients older than
80 years [21].

Table 2 Postoperative complications

n (%) Clavien–Dindo Grade (n)

I II ≥III

Pneumonia 4 (8.9) 4

Paralytic ileus 4 (8.9) 4

Surgical site infection 3 (6.7) 3

Intra-abdominal abcess 1 (2.2) 1

Urinary tract infection 1 (2.2) 1

Melena 1 (2.2) 1

Sepsis 1 (2.2) 1

Acute heart failure 1 (2.2) 1

Table 3 Patients’ clinical laboratory and pathological characteristics by
high or low PNI

PNI

Variable H (≥ 45)(n = 19) L (< 45)
(n = 26)

p value

Gender 0.936
Male 9 12
Female 10 14

Age (median) 87.3 88.5 0.103
BMI 20.8 19.7 0.887
ASA-PS 0.001
1 7 3
2 12 14
3 0 9

Tumor location 0.298
Right colon 10 19
Left colon 5 5
Rectum 4 2

Operation time (median) (min) 227.9 220.8 0.593
Bleeding (mean) (ml) 5 5 0.066
Approach (open/laparoscopic) 0.105
Open 5 13
Laparoscopic 14 13

Lymph node dissection 0.022
D1 0 5
D2 3 7
D3 16 14

Tumor burden (longitudinal ×
transverse diameter: mm2)

11.6 22.0 0.012

T factor 0.070
is 0 1
1 2 0
2 5 2
3 9 20
4 3 3

N factor 0.270
0 11 16
1 7 7
2 1 2
3 0 1

Stage 0.098
0 0 1
1 6 2
2 4 12
3 9 9
4 0 2

Operation 0.0003
Elective 19 16
Urgent 0 10

Postoperative complications
(n (%))

1 (5.3) 13 (50.0) 0.0006

Postoperative hospital
stay (days)

15.3 25.5 0.004
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The PNI cutoff value in our study was 45, which is the
same value that is associated with safety in gastrointestinal
surgery [6]. The current study found that PNI is an indepen-
dent predictor of PCs in patients aged ≥ 85 years with CRC,
and that low PNI predicted poor prognosis and survival at
3 years after surgery in the same population.

Malnutrition is associated with cancer, and is significantly
more common in elderly patients. In elderly patients with
some cancers, accurate assessment of preoperative nutritional
status is especially important. As PNI is calculated by serum
albumin level and total PBL counts, it should mirror both the
patient’s nutritional status and immune state. Our study asso-
ciated low PNI with PCs and poor survival in elderly patients
with CRC. Improving preoperative nutritional status with nu-
tritional support or rehabilitation should be considered for
patients with low PNIs.

This study has some limitations, including its retrospective
and single-institution design, small study cohort, and potential
selection bias. However, the number of elderly patients aged

≥ 85 years with CRC is not usually very many in a single
institute. Moreover, surgical technique was less variable, as
performed by one surgeon in a single institute.

To our knowledge, this is the first report that PNI is relevant
to PCs and long-term prognosis in patients aged ≥ 85 years
with CRC. However, a prospective large-scale study is needed
to clarify the value of PNI for very elderly patients with CRC.

In conclusion, preoperative PNI < 45 in patients aged ≥
85 years with CRC is both predictive and prognostic for
short- and long-term outcomes.
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Table 4 Univariate and
multivariate analyses of
postoperative complications

Univariate Multivariate

Odds ratio 95% CI p value Odds ratio 95% CI p value

Gender (M/F) 1.21 0.34–4.30 0.763

Age > 90 7 1.42–34.4 0.013 7.11 0.98–51.36 0.052

BMI < 18 2.31 0.56–9.48 0.247

PNI < 45 18 2.08–155.37 0.0006 18.74 1.18–298.04 0.038

CEA > 5.0 1.04 0.28–3.82 0.952

CA19-9 > 37 0.5 0.09–2.77 0.408

Location right 4.94 0.94–25.87 0.036 5.03 0.656–38.68 0.12

Tumor burden > 15 mm2 2.19 0.594–8.03 0.232

Stage 3/4 0.592 0.161–2.18 0.426

Fig. 1 Overall survival curves based on preoperative prognostic
nutritional index
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