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Abstract

Purpose Nutrition and immunity significantly affect the
progression of cancer in cancer patients. Therefore, the evalu-
ation of the nutritional and immune status would be useful as
a prognostic factor and to determine the optimal treatment
strategy for patients with unresectable metastatic colorectal
cancer who are receiving chemotherapy. The aim of this ret-
rospective study was to evaluate the prognostic significance
of the nutritional and immune status in patients with unresect-
able metastatic colorectal cancer treated with chemotherapy.
Methods We retrospectively reviewed 80 patients with
colorectal cancer. A total of 22 patients had metachronous
unresectable cancer, and 58 patients had synchronous unre-
sectable cancer. All patients underwent combination chem-
otherapy with oxaliplatin or irinotecan plus 5-fluorouracil/
leucovorin as first-line chemotherapy. We then examined
the correlations between the Onodera’s prognostic nutri-
tional index (OPNI) and the patients’ clinicopathological
features. The OPNI was calculated as follows: 10 x serum
albumin (g/dl) 4+ 0.005 x total lymphocyte count (per
mm?®). According to the receiver operating characteristic
(ROC) curve analysis, the cutoff value for OPNI was 44.5.
Results Patients with a pretreatment OPNI of 244.5 dem-
onstrated a longer OS than those with a pretreatment OPNI
of <44.5. Moreover, we categorized these patients into four
groups according to the combination of the pre- and post-
treatment OPNI. The patients in the group with both OPNIs
>44.5 exhibited a better prognosis compared to the other
group (p = 0.001).
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Conclusion The OPNI is considered to be a useful marker
for predicting the long-term outcome in patients who
receive chemotherapy for unresectable metastatic colorec-
tal cancer.
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Introduction

In Japan, colorectal cancer is the one of the most of com-
mon cancers, accounting for the greatest number deaths
from malignant neoplasms in females and the third great-
est number of such deaths in males (Kayama et al. 2011).
Although many patients with colorectal cancer undergo
potentially curative resection, some of them relapse after
surgery. Moreover, some patients have unresectable meta-
static tumors at the time of diagnosis. Chemotherapy is
necessary in patients with unresectable metastatic colo-
rectal cancer to improve their prognosis. Furthermore, the
number of patients with colorectal cancer is expected to
increase, thus increasing the importance of chemotherapy
as a therapeutic strategy.

Recently, the selection of chemotherapy regimens has
widened, with different outcomes. Although the choice
of chemotherapy regimen influences the prognosis, host
factors, such as the nutritional and immune status, also
play important roles in the effectiveness of chemother-
apy (Ross et al. 2004). Therefore, nutrition and immunity
are thought to affect the progression of disease in cancer
patients. The evaluation of the nutritional and immune sta-
tus is thus thought to be useful as a prognostic factor and
to determine the optimal treatment strategies for patients
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with unresectable metastatic colorectal cancer who receive
chemotherapy.

Onodera’s prognostic nutritional index (OPNI) is known
to be an indicator that could be used to evaluate the nutri-
tional and immune status. The OPNI can be determined
from the serum albumin level and lymphocyte count.
Therefore, the OPNI is easy to use in clinical practice. The
OPNI was originally proposed as an indicator of postopera-
tive complications, such as anastomotic leakage, pneumo-
nia and wound infection, and a determinant of resection or
anastomosis in patients undergoing gastrointestinal cancer
(Onodera et al. 1984), although it has recently become
widely used as an independent preoperative prognos-
tic indicator in patients with various carcinomas (Kanda
et al. 2011; Feng and Chen 2014; Nozoe et al. 2010, 2012;
Maeda et al. 2014). The aim of this retrospective study was
to evaluate the prognostic significance of the nutritional
and immune status in patients with unresectable metastatic
colorectal cancer treated with chemotherapy.

Methods
Patients

We reviewed all patients diagnosed with unresectable meta-
static colorectal cancer between April 2003 and December
2012 at the Department of Surgical Oncology, Osaka City
University Graduate School of Medicine, Japan. Of these
patients, we identified 80 patients with unresectable meta-
static colorectal cancer. The median age of the patients
was 63 years, with a range of 36-80 years (Table 1). The
patients included 44 males and 36 females. A total of 22
patients had metachronous unresectable cancer, and 58
patients had synchronous unresectable cancer. All patients
underwent combination chemotherapy with oxaliplatin or
irinotecan plus 5-fluorouracil/leucovorin as first-line chem-
otherapy. In particular, 42 patients received 5-FU + leucov-
orin + oxaliplatin (FOLFOX), 19 patients received capecit-
abine + oxaliplatin (CapeOX), eight patients received
5-FU + leucovorin + irinotecan (FOLFIRI) and 11 patients
received other regimens.

Evaluation

The clinicopathological classification was determined
according to the TNM classification of malignant tumors, as
described by the International Union Against Cancer (UICC)
(Sobin et al. 2009). We collected data from blood tests con-
ducted within 1 week before start of the first-line chemother-
apy and at 8 weeks after the first day of chemotherapy, includ-
ing the serum albumin level, total lymphocyte count in the
peripheral blood and carcinoembryonic antigen (CEA) and
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Table 1 Patient characteristics

Characteristics Number of cases

Age (years)

Median (range) 63 (36-80)
Gender

Male 44
Female 36
Primary lesion

Unresectable 6
Resected 74
Detection of unresectable tumor

Metachronous 22
Synchronous 58
Location of primary tumor

Colon 46
Rectum 34
First-line chemotherapy

FOLFOX 42
CapeOX 19
FOLIFIRI 8
Others 11

FOLFOX: 5-FU + leucovorin + oxaliplatin, CapeOX: capecit-
abine 4 oxaliplatin, FOLFIRI: 5-FU + leucovorin + irinotecan

carbohydrate antigen (CA) 19-9 levels. Computed tomogra-
phy was carried out for response evaluation after four cycles
of chemotherapy and/or at the time of clinical deterioration.

The clinicopathological factors included in the univari-
ate analyses were as follows: age, gender, primary lesion,
location of the primary tumor, timing of detection of unre-
sectable, histology, number of metastatic sites, CEA level
(cutoff level was 5.0 ng/ml), CA 19-9 level(cutoff level was
37 U/ml) and the OPNI (high/low).

The OPNI was calculated as follows: 10 x serum albu-
min (g/dl) + 0.005 x total lymphocyte count (per mm?)
(Onodera et al. 1984). The differential white blood cell
(WBC) count was analyzed using an XE-5000 hematology
analyzer (Sysmex, Kobe, Japan).

The pretreatment OPNI was defined as the value of
the OPNI calculated within 1 week before the start of the
first-line chemotherapy, and the post-treatment OPNI was
defined as the value of the OPNI calculated 8 weeks after
the first day of chemotherapy.

Overall survival (OS) was defined as the time from the
date of initiation of first-line chemotherapy to death from
any cause. Progression-free survival (PFS) was defined as
the time from the date of initiation of first-line chemother-
apy to disease progression.

We defined the total treatment period (TTP) as the inter-
val from the start of chemotherapy to the provision of best
supportive care.
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The response to treatment was evaluated using the
response evaluation criteria in solid tumors (RESIST) crite-
ria (Eisenhauer et al. 2009).

Statistical analysis

The associations between the OPNI and the clinicopatho-
logic parameters were assessed using the x? test or Fisher’s
exact test. A univariate survival analysis was performed
using the Kaplan—-Meier method, and differences were eval-
uated according to the log-rank test. A multivariate survival
analysis was performed using Cox’s proportional-hazard
model. The hazard ratio (HR), along with the 95 % confi-
dence interval (95 % CI), was used as a measurement of the
association in this study. The data were analyzed statisti-
cally using the JMP® 10 software program (SAS Institute
Inc., Cary, NC, USA) A p value of <0.05 was considered to
be statistically significant.

Results

Among all patients, the median OS was 30.5 months and
the median PFS was 8.7 months. The overall response
rate was 38.7 %, and there was no significant differ-
ence between the pretreatment OPNI and response rate
(Table 2). In this study, stratification of the OPNI was
informed by the best predictive values for overall survival
calculated using ROC curves analyses, which found the
most sensitive and specific values based on the peak and
cutoff points. Based on this analysis, the cutoff value for
OPNI was 44.5 (AUC = 0.563, sensitivity: 73.3 %, speci-
ficity: 42 %).

There were 42 patients with an OPNI of 44.5 or higher
(52.5 %) and 38 patients with an OPNI of <44.5 (47.5 %).
We analyzed the correlations between the OPNI and the
characteristics of the patients. No significant differences
were observed except for the gender (Table 3).

We then examined the correlations between the clin-
icopathological factors and the prognosis. In the univari-
ate analysis, age and OPNI were found to be significantly
associated with the OS (Table 4). A multivariate analysis
demonstrated that an age of more than 70 years (HR 2.52,
CI 1.36-4.50; p = 0.004), and OPNI (HR 2.37, CI 1.35-
4.14; p = 0.002) was independent risk factors for a worse
survival.

The overall survival of the patients with a pretreatment
OPNI >44.5 was significantly (p = 0.005) better than
that of the patients with a pretreatment OPNI of <44.5
(Fig. 1a). The median survival time (MST) was 37.0 and
22.8 months, respectively. There were no significant asso-
ciations between the OPNI and the PFS (Fig. 1b). The
rate of transition to secondary treatment was 96.0 and
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Table 2 Results of first-line chemotherapy
Response Onodera’s prognostic nutritional p value

index

High Low
CR 4 0 0.185
PR 15 12
SD 22 11
PD 9 7

CR complete response, PR partial response, SD stable disease, PD
progressive disease

Table 3 The relationships between the Onodera’s prognostic nutri-
tional index and the clinicopathological factors in the patients with
unresectable metastatic colorectal cancer

Characteristics Category Onodera’s prognostic p value
nutritional index
High Low
Age (years) >70 11 12 0.595
<70 31 26
Gender Male 25 19 0.011
Female 17 19
Primary lesion Unresectable 3 3 0.898
Resected 39 35
Location of primary  Colon 24 22 0.945
tumor Rectum 18 16
Detection of Metachronous 16 6 0.237
unresectable tumor Synchronous 34 24
Histology Well/moderate 35 36 0.158
Poorly/ 6 2
mucinous/
signet
Number of 1 30 24 0.430
metastatic site(s) >2 12 14
(organ(s))
CEA (ng/ml) >5 37 34 0.845
<5 5 4
CA19-9 (U/ml) >37 20 27 0.056
<37 20 11

CEA carcinoembryonic antigen, CA19-9 carbohydrate antigen 19-9

76.6 %, respectively, in the high and low OPNI groups
(p = 0.012).

The high pretreatment OPNI group had a significantly
longer TTP than the low pretreatment OPNI group. The
median TTP from the initiation of chemotherapy was 22.2
and 16.8 months, respectively, in the high and low OPNI
groups (p = 0.043, Fig. 2).

We categorized the patients into four groups according
to the combination of their pre- and post-treatment OPNI:
group (1) both OPNIs > 44.5; group (2) pretreatment OPNI
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Table 4 The results of univariate and multivariate analyses of the prognostic factors in the patients with unresectable metastatic colorectal can-

cer

Characteristics Category n  Univariate analysis Multivariate analysis
Hazard ratio 95 % CI pvalue Hazardratio 95 % CI p value
Age (years) >70 23 2202 1.200-3.889  0.011 2.520 1.360-4.500 0.004
<70 57
Gender Male 44 0.606 0.350-1.050 0.074
Female 36
OPNI <44.5 30 2.119 1.220-3.666  0.008 2.373 1.355-4.148 0.002
>44.5 50
Primary lesion Unresectable 6 1.899 0.654-4.389 0.213
Resected 74
Location of primary tumor Colon 46 1.230 0.711-2.162  0.459
Rectum 34
Detection of unresectable Metachronous 22 0.815 0.408-1.510  0.529
tumor Synchronous 58
Histology Well/moderate 71 0.701 0.321-1.841 0.437
Poorly/mucinous/signet 8
Number of metastatic site(s) 1 44 0.865 0.486-1.607 0.635
(organ(s)) 22 36
CEA (ng/ml) 25 71 0.964 0.443-2.530 0.935
<5 9
CA19-9 (U/ml) 237 47 1.363 0.769-2.505  0.293
<37 32

OPNI Onodera’s prognostic nutritional index, CI confidence interval, CEA carcinoembryonic antigen, CA19-9 carbohydrate antigen 19-9

>44.5 and post-treatment OPNI <44.5; group (3) pretreat-
ment OPNI <44.5 and post-treatment OPNI >44.5; group
(4) both OPNIs <44.5.

The patients in group 1 exhibited a better prognosis
compared to the other groups (p = 0.001, Fig. 3). The
MST was 18.5, 24.2 and 21.3 months in groups 2, 3 and
4, respectively, compared with 51.3 months in group 1

(Fig. 3).

Discussion

There have been many reports on the prognostic factors
for colorectal cancer. Some of them reported a correlation
between the prognosis and tumor-related factors such as the
depth of tumor invasion, lymph node metastasis, the extent
of distant metastasis, lymphovascular invasion, the histo-
logical type, microsatellite instability (MSI), KRAS muta-
tion and BRAF mutation (Zhang et al. 2010; Mehrkhani
et al. 2009; Zlobec et al. 2010). Moreover, some authors
described the correlations between the prognosis and treat-
ments such as surgery and chemotherapy (Kuhry et al.
2008; Meyerhardt and Mayer 2005).

Recently, the immune and nutritional status have been
recognized as host-related factors that affect the prognosis.
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In general, the lymphocyte count reflects the immune sta-
tus, while the albumin level reflects the nutritional status.
Therefore, it is considered that the OPNI is a good index
which reflects both the immune and nutritional status of
the host. The OPNI has been reported to be a useful pre-
operative prognostic marker for patients with various
cancers (Kanda et al. 2011; Feng and Chen 2014; Nozoe
et al. 2010, 2012; Maeda et al. 2014). In this study, we
demonstrated that the OPNI is a useful prognostic marker
in patients with unresectable metastatic colorectal cancer
treated with chemotherapy.

We revealed that the patients with a pretreatment OPNI
<44.5 had a poor prognosis. Since the OPNI is composed
of both the lymphocyte count and serum albumin level,
lymphocytopenia and hypoalbuminemia cause a reduction
of the value of the OPNI. In addition, it has been reported
that lymphocytopenia and hypoalbuminemia are independ-
ent prognostic factors (Ofate-Ocaiia et al. 2007; Gupta and
Lis 2010; Ceze et al. 2011).

There are several possible causes of hypoalbuminemia.
In cancer patients, a low serum albumin concentration
may be mainly due to the production of proinflammatory
cytokines, such as interleukin-1 (IL-1), interleukin-6 (IL-
6) and tumor necrosis factor (TNF-a), which modulate the
production of albumin by hepatocytes (Ofiate-Ocafia et al.
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2007; Rothschild et al. 1988; Chojkier 2005; Fearon et al.
1998; Forones et al. 2001; Bauer and Herrmann 1991).
Moreover, chronic inflammatory diseases, including cancer,
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Fig. 3 The overall survival subdivided according to the pretreatment
and post-treatment OPNI

result in reductions in the serum albumin level (Chojkier
2005). Regarding the serum albumin level, some authors
have indicated that a low serum albumin level is associated
with a poor outcome in cancer patients (Ofiate-Ocafia et al.
2007; Gupta and Lis 2010).

Lymphocytes are crucial components of the host’s cel-
lular adaptive immunity against cancer cells and can both
attack malignant cells and eliminate nascent tumor cells
(Smyth et al. 2006; Rosenberg 2001). Therefore, a low
lymphocyte count may be responsible for an insufficient
immunologic reaction to tumors (Hoffmann et al. 2002).
Ceze showed that pretreatment lymphocytopenia is an
independent risk factor for a shorter survival following
palliative chemotherapy in patients with colorectal cancer
(Ceze et al. 2011). In this way, the immune function and
nutritional status are associated with the prognosis and pro-
gression of cancer.

In this study, there were significant differences in the OS
with respect to the pretreatment OPNI; however, no differ-
ences were observed in the PFS. This observation may be
due to the fact that second-line or subsequent therapy has
greater effects on the OS. The rate of transition to second-
ary treatment was significantly different between the high
and low OPNI groups. In addition, a tendency toward a
longer TTP was noted in the high OPNI group compared
with that observed in the low OPNI group. Even when the
primary treatment was discontinued due to side effects and/
or disease progression, the high OPNI group was able to
continue to a second and third line of treatment because
they had an adequate physical reserve. As a result, high
OPNI contributed to improving the OS.

We subsequently evaluated the internal changes between
the pre- and post-treatment OPNI. As a result, the group
that maintained a high OPNI had a better prognosis than
the other groups. Even in the patients with a high pretreat-
ment OPNI, a decrease in the OPNI after chemotherapy
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was associated with a worse OS. Disease progression due
to a compromised immune function and difficulty in con-
tinuing treatment as a result of a decreased physical condi-
tion are thought to account for the decrease in OS. There-
fore, in patients who receive chemotherapy, it is important
to maintain a good nutritional and immune status before
and during treatment.

Cachexia reduces the quality of life in cancer patients and
may result in the discontinuation of treatment. It has been
suggested that cachexia is the direct cause of death in 20 %
of cancer patients (Haggar and Boushey 2009). Cancer ano-
rexia-cachexia syndrome impedes the response to chemo-
therapy due to frequent toxicities and severe complications,
which results in a shortened survival time (Ciccolallo et al.
2005; Haggar and Boushey 2009). Hence, with respect to
the management of chemotherapy patients, worsening of the
nutritional status should be avoided to the extent possible.
Dintinjana reported that nutritional counseling, supplemen-
tal feeding and pharmacological support can be used to tem-
porarily stop weight loss and improve appetite in patients
with colorectal cancer (Dintinjana et al. 2008). Therefore,
providing nutritional support may be effective in improv-
ing the nutritional status, thereby reducing chemotherapy-
induced morbidities (Dintinjana et al. 2013).

In this study, having a good pretreatment nutritional
and immunological status and maintaining them during
treatment allowed for the use of continuous treatment and
improved the OS. However, we were unable to conclude
whether nutritional intervention is effective in patients who
receive chemotherapy, and no large studies have prospec-
tively investigated of the influence of nutritional interven-
tion. It is difficult to directly improve immunocompetence;
however, it has been previously reported that improvements
in the nutritional status lead to improvements in immunity
(Klek et al. 2014). Therefore, we believe that it is necessary
to evaluate whether nutritional intervention contributes to
improving the OPNI.

In conclusion, the OPNI is a useful marker for predict-
ing the long-term outcome in patients who receive chemo-
therapy for unresectable metastatic colorectal cancer. Main-
tenance of the nutritional and immunological status may be
important in such patients.
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