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Background: We aimed to explore the associations between the controlling nutritional status (CONUT),
the prognostic nutritional index (PNI), and prognostic outcomes in patients with small-cell lung cancer
(SCLC) receiving radiotherapy.

Methods: A total of 93 SCLC patients who received radiotherapy at the hematology department in the
First Affiliated Hospital of Hainan Medical University were retrospectively included in this analysis. Patient
CONUT and PNI values were calculated. Receiver operating characteristic (ROC) curves were utilized to
determine the optimal cut-off, the area under the curve (AUC), sensitivity, and specificity of CONUT and
PNI in discriminating patient outcomes. Kaplan-Meier curve analysis was performed, and overall survival
(OS) was compared for patients with CONUT >3 and <3, or those with PNI >47.7 and <47.7. Univariate
and multivariate analysis using the Cox proportional hazard model was performed to identify the risk factors
for patient death.

Results: The AUCs for CONUT and PNI were 0.95 and 0.82, respectively. The CONUT results
indicated that patient OS decreased significantly from normal to mildly malnourished. Meanwhile, the OS
for moderately malnourished patient decreased to severely malnourished (P for trend <0.001). Patients with
CONUT >3 or PNI <47.7 had significantly shorter OS than those with CONUT <3 (median survival time
12 vs. 23 months; P<0.001) or with PNI >47.7 (median survival time 20 vs. 15 months; P=0.010). Multivariate
analysis indicated that the TNM stage [hazard ratio (HR) =1.21; 95% confidence interval (CI): 1.03-1.66],
CONUT score (HR =2.33; 95% CI: 1.76-3.91), and PNI <47.7 (HR =1.33; 95% CI: 1.09-1.99) were
independent prognostic indicators for patient death.

Conclusions: The CONUT and PNI were potential indicators for the outcome of patients with SCLC.
CONUT >3 or PNI <47.7 indicated an unfavorable prognosis for SCLC patients.
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Introduction

Small-cell lung cancer (SCLC) is a common pathological
subtype of lung cancer, often found in elderly patients. It is
characterized by sensitivity to chemotherapy/radiotherapy,
rapid tumor growth, early metastasis, and poor prognosis.
At present, an increasing number of studies have shown
that the nutritional status and immune function of tumor
patients have a close relationship with the prognostic
outcome of patients (1). In addition, SCLC radiotherapy
can easily cause discomforts such as anorexia and loss of
appetite, which can lead to a series of problems such as
malnutrition. The controlling nutritional status (CONUT)
score is a brief index proposed in 2005 to assess the
nutritional status of patients and includes three indices:
serum albumin, lymphocyte count, and cholesterol. The
prognostic nutritional index (PNI) consists of two indices,
namely serum albumin and lymphocyte count. Previous
literature has confirmed that CONUT and PNI can reflect
the nutritional and immune status of patients, and can
assist in evaluating the risk of surgery as well as the risk of
postoperative complications in patients with many types
of tumors (2,3). Recent studies have shown that CONUT
and PNI can serve as potential indicators for predicting
the prognosis of SCLC (4,5). At present, However, the
current research on the use of CONUT and PNI to assess
the prognosis of SCLC patients with radiotherapy focuses
on a single indicator, and rarely involves the simultaneous
evaluation of multiple nutritional indicators. This study
aimed to investigate the role of these two nutrition immune
indicators in the prognostic evaluation of patients treated
with radiotherapy for SCLC. We present the following
article in accordance with the STARD reporting checklist
(available at https://dx.doi.org/10.21037/apm-21-2740).

Methods
Subjects

A total of 93 patients with SCLC who underwent
radiotherapy at the hematology department in the First
Affiliated Hospital of Hainan Medical University from
January 2018 to December 2019 were included in this
retrospective study. Inclusion criteria: (I) patients with
SCLC diagnosed pathologically; (II) patients had routine
blood and biochemical test results within 1 month before
radiotherapy; (III) patient clinical data was complete.
Exclusion criteria: (I) patient life expectancy <4 weeks;
(IT) patients had combined secondary tumors of other
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systems; (III) patients with comorbidities which might
affect lymphocyte counts in hematological disorders,
such as aplastic hematological disorders. All procedures
performed in this study involving human participants were
in accordance with the Declaration of Helsinki (as revised in
2013). The study was approved by the Ethics Committee of
the First Affiliated Hospital of Hainan Medical University
(No. 20170612) and informed consent was obtained from
all the patients.

Clinical data collection and follow up

The basic information and laboratory findings of
patients, including age, sex, smoking history, TNM stage,
and Eastern Cooperative Oncology Group (ECOG)
performance score, were collected by our hospital’s
electronic medical record system. All patients were followed
until death or loss to follow-up, and telephone follow-up
was set for March 2021. Patient overall survival (OS) time
was defined as the time from receiving radiotherapy to the
date of death or follow-up cut-off.

CONUT and PNI computational methods

The CONUT score was determined by adding up the
three indexes of serum albumin, lymphocyte count, and
cholesterol level individually. Specifically, albumin >3.5,
3.0-3.49, 2.5-2.99, and <2.5 g/dL were each counted on
a scale of 0, 2, 4, and 6 points, respectively. Lymphocyte
counts >1,600, 1,200-1,599, 800-1,199, and <800 cells/mL
were counted for 0, 1, 2, and 3 points, respectively. Total
cholesterol >180, 140-180, 100-139, and <100 mg/dL were
similarly counted as 0, 1, 2, and 3 points, respectively. It
is generally accepted that a score of 0-1 indicates normal
nutrition, while scores of 2—4, 5-8, and >9 indicate mild,
moderate, and severe malnutrition, respectively. PNI was
counted as PNI (score) = 5 x lymphocyte counts (x10’/L) +
serum albumin (g/L). PNI >50, 45< PNI <50, 40< PNI <45,
and PNI <40 were suggestive of normal, mild, moderate,
and severe malnutrition, respectively.

Statistical analysis

Categorical data were presented as numbers or percentages.
Normally distributed measures were expressed as mean =
SD and non-normally distributed measures were expressed
as median (quartile). With patient death as the outcome,
the area under the curve (AUC), optimal cut-off value,
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Table 1 Demographics and general data of the included patients

Index Value
Age (years), mean + SD 65.44+9.82
Sex (male/female) 51/42
Smoking history, n (%)
Never smoker 28 (30.11)
Previous smoker 35 (37.63)
Current smoker 30 (32.26)
TNM stage, n (%)
I+ 24 (25.81)
I+ v 69 (74.19)
ECOG score, median [interquartile range] 0 [0-0.5]
NSE (ng/mL), mean + SD 48.68+6.98
CONUT score, n (%)
0-1 6 (6.45)
2-4 27 (29.04)
5-8 42 (45.16)
=9 18 (19.35)
PNI score, n (%)
>50 18 (19.35)
45< PNI <50 28 (30.11)
40< PNI <45 30 (32.26)
<40 17 (18.28)

ECOG, Eastern Cooperative Oncology Group; NSE, neuron-
specific enolase; CONUT, controlling nutritional status; PNI,
prognostic nutritional index.

sensitivity, and specificity for PNI and CONUT were
determined by receiver operating characteristic (ROC)
curves. The trend test P value (P for trend) was calculated
by dividing the patients into normal, mild, moderate, and
severe malnutrition groups based on CONUT and PNI
results. Survival curves were plotted using the Kaplan-Meier
method, and the log-rank test compared the difference in
patient survival between the two groups with or without
statistical significance. Univariate and multivariate analyses
of risk factors for patient mortality were performed using
Cox proportional hazards models. All tests were two-sided,
and the test level was set at 0=0.05.
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Results
Patient general information

The 93 included patients (51 males and 42 females) had a
mean age of 65.44 years, and 74.19% of the patients were
already at TINM stage III or IV at the time of diagnosis. The
percentages of patients with a CONUT score indicating the
presence of mild, moderate, and severe malnutrition were
29.04%, 45.16%, and 19.35%, respectively. In contrast,
those with a PNI score indicating the presence of mild,
moderate, and severe malnutrition were 30.11%, 32.26%,
and 18.28%, respectively (1able 1).

Efficacy of PNI and CONUT in discriminating patient

outcomes

As shown in Figure 14, when the optimal cut-off value was
taken to be 47.7, the AUC of PNI to identify whether a
patient was alive or not was 0.82 [95% confidence interval
(CI): 0.73-0.89], with a sensitivity and specificity of 71.3%
(95% CI: 60.0-80.8%) and 84.6% (95% CI: 54.6-98.1%),
respectively. As shown in Figure 1B, when the optimal
cut-off value was taken as 3, the AUC of CONUT for
discriminating whether patients were alive was 0.95 (95%
CI: 0.88-0.98), with a sensitivity and specificity of 82.5%
(95% CI: 72.4-90.1%) and 92.3% (95% CI: 64.0-99.8%),
respectively.

Association of PNI and CONUT with patient outcomes

As shown in Table 2, when the nutritional status of patients
was divided into normal, mildly malnourished, moderately
malnourished, and severely malnourished according to the
PNI results, the change in the OS of SCLC patients in each
group was not statistically significant (P for trend =0.228).
In contrast, according to the CONUT results, the OS
of patients in each group decreased stepwise (P for trend
<0.001).

Kaplan-Meier survival analysis of SCLC patients

By the end of follow-up, a total of 80 (86.02%) patients had
died. The median survival for all patients was 16 months.
After dividing the patients into PNI >47.7 and <47.7
groups according to the ROC results, the survival analysis
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Figure 1 Evaluation of patient outcome with the ROC curve. The ROC curves for discriminating outcomes with the PNI (A) or CONUT

score (B) in patients with SCLC undergoing radiotherapy. ROC, receiver operating characteristic; PNI, prognostic nutritional index;
CONUT, controlling nutritional status; SCLC, small-cell lung cancer.

Table 2 Comparison of OS according to the nutritional status defined by the PNI and the CONUT score

Index Normal Mildly malnourished Moderately malnourished Severely malnourished P for trend
PNI (month), mean + SD 17.67+6.95 15.46+8.23 14.93+7.45 12.00+7.61 0.186
CONUT (month), mean + SD  23.88+3.52 16.93+7.25 12.43+7.24 14.56+7.55 <0.001

OS, overall survival; PNI, prognostic nutritional index; CONUT, controlling nutritional status.
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Figure 2 The Kaplan-Meier curve survival analysis of SCLC patients. (A) The Kaplan-Meier curve for the OS of SCLC patients undergoing
radiotherapy. (B,C) Comparisons of the OS of SCLC patients undergoing radiotherapy according to the PNI (B) or the CONUT score (C).
SCLC, small-cell lung cancer; OS, overall survival; PNI, prognostic nutritional index; CONUT, controlling nutritional status.

(Figure 2) suggested that the median survival of patients in Univariate and multivariate analysis of death in SCLC
the former group was significantly longer than that in the patients

latter group (20 vs. 15 months; P=0.010). Similarly, when

dividing patients into two groups with CONUT >3 and As shown in Table 3, the univariate analysis suggested
<3, patients in the former group had a significantly shorter that higher TNM stage, ECOG score >3, CONUT
median survival than those in the latter group (12 vs. score >3, and PNI <47.7 were risk factors for mortality

23 months; P<0.001). in radiotherapy-treated SCLC patients. Multivariate

© Annals of Palliative Medicine. All rights reserved. Ann Palliat Med 2021;10(11):11635-11642 | https://dx.doi.org/10.21037/apm-21-2740



Annals of Palliative Medicine, Vol 10, No 11 November 2021

11639

Table 3 Univariate and multivariate analysis for the identification of risk factors for patient outcomes in SCLC patients undergoing radiotherapy

Univariate analysis

Multivariate analysis

Variables
HR (95% Cl) P HR (95% Cl) P

Age (>69 vs. <69 years) 0.89 (0.51-1.43) 0.555
Sex (male vs. female) 1.03 (0.71-1.55) 0.812
Smoking history (no vs. yes) 1.36 (0.91-1.71) 0.311
TNM stage

I+ Reference

I+ v 1.54 (1.34-1.76) 0.009 1.21 (1.03-1.66) 0.047
ECOG score

0 Reference

1 1.18 (0.33-2.43) 0.254

2 1.23 (0.45-2.35) 0.332

3 1.82 (1.56-3.97) 0.032 1.18 (0.78-1.33) 0.069
CONUT (<3 vs. >3) 2.99 (1.89-4.87) <0.001 2.33 (1.76-3.91) 0.008
PNI (>47.7 vs. <47.7) 2.08 (1.21-2.76) 0.003 1.33 (1.09-1.99) 0.021

SCLC, small-cell lung cancer; HR, hazard ratio; Cl, confidence interval; ECOG, Eastern Cooperative Oncology Group; CONUT, controlling

nutritional status; PNI, prognostic nutritional index.

regression analysis suggested that TNM stage [hazard ratio
(HR) =1.21; 95% CI: 1.03-1.66], CONUT score >3 (HR
2.33;95% CI: 1.76-3.91), and PNT <47.7 (HR =1.33; 95%
CI: 1.09-1.99) were independent risk factors for patient
mortality.

Discussion

Malnutrition is a prevalent clinical manifestation in patients
with tumors. Studies have found that about 30-80% of
patients with tumors present with varying degrees of
malnutrition (6,7). Recent studies have suggested that the
causes of malnutrition in cancer patients are involved in
dysbiosis and decreased eating, as evidenced by impaired
nutrient metabolism, increased body energy expenditure
at rest, and changes in endogenous cytokine levels (8). An
increasing number of studies have found that malnutrition
is an independent risk factor for poor prognosis in patients
with various malignancies (9). Thus, nutritional assessment
and treatment of patients with tumors have been gradually
valued.

In the present study, we used two common methods
of nutritional status assessment, namely CONUT and
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PNI. The PNI contains two indicators of serum albumin
and lymphocyte count. Serum albumin concentration
has a negative relationship with nutritional deficiencies,
and can therefore be used as a surrogate marker to
assess the nutritional status of patients. Lymphocytes
promote apoptosis and inhibit cell proliferation through
cytotoxicity, and their quantification can reflect the
body’s immune status to some extent. CONUT adds the
additional indicator of cholesterol levels based on PNI. In
cancer patients, hypocholesterolemia is more common,
and is associated with increased LDLR expression,
LDL endocytosis, and increased levels of oxidative
phosphorylation (10). In addition, tumor dyscrasia can also
often lead to hypocholesterolemia in patients. It is well
established that nutritional status as assessed by PNI and
CONUT is significantly associated with the prognosis of
patients with several malignancies, including breast (11),
colorectal (12), lymphoma (13), esophageal (14),
pancreatic (15), and cervical cancer (16).

The present study found that the proportion of SCLC
patients with moderate or severe malnutrition was 64.51%
and 50.54%, respectively, according to the CONUT and

PNI results, which was similar to previous reports in other
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types of malignancies (17). In addition, the OS of patients
decreased stepwise as the nutritional status determined
by the CONUT deteriorated. Similarly, survival analysis
suggested that SCLC patients with a CONUT >3 or
PNI <47.7 had a significantly shorter OS than those in
the CONUT <3 or PNI >47.7 group, suggesting that the
worse the nutrition of the patients, the shorter their OS.
The effect of nutritional status on the prognosis of lung
cancer patients has been reported in previous literature.
For example, Wang and colleagues found that low PNI
before treatment was associated with shorter OS, disease-
free survival, progression-free survival, and recurrence-
free survival in non-SCLC (NSCLC) patients and was
associated with decreased OS in SCLC patients in a meta-
analysis containing 17 NSCLC and 4 SCLC studies (18).
Jin et al. found that patient age, tumor TNM stage, and
PNI were independent prognostic factors for the OS of
SCLC patients (19).

To the best of our knowledge, the importance of the
CONUT score for the prognostic evaluation of SCLC
has been reported less frequently in previous literature.
Toyokawa er al’s study (20) showed that a high CONUT
score was associated with shorter disease-free survival
in lung squamous cell carcinoma patients. Yilmaz et al.
compared CONUT with PNI for the prognosis of SCLC
patients and found that the former was an independent
risk factor for patient outcome. At the same time, the latter
was not statistically significant in multivariate analysis (5).
The results of multivariate analysis in this study indicated
that TNM stage, CONUT, and PNI were independent
risk factors for SCLC patients treated with radiotherapy.
In addition, the nutritional level of patients is also an
influential factor in the prognosis of patients with NSCLC
(21-23). Therefore, in clinical practice, medical staff should
pay attention to assessing the nutritional status of SCLC
patients and provide targeted interventions in order to
improve the prognosis of patients.

The limitations of this study were that it was designed
as a retrospective analysis and had a small sample size.
Other indicators of inflammation and nutritional-immune
status, such as C-reactive protein, weight change, and skin
thickness, were not included in this study. In addition,
this study focuses on SCLC patients. Whether CONUT
score and PNI can be used for prognostic evaluation of
NSCLC lung cancer patients remains to be explored.
Finally, although CONUT score and PNI have been widely
accepted as prognostic indicators of malignant tumors, their

© Annals of Palliative Medicine. All rights reserved.

Li et al. CONUT & PNI as SCLC radiotherapy prognostic marker

relationship with other traditional indicators and whether
they can be used as independent prognostic indicators
remains to be verified.

In conclusion, this study analyzed the relationship
between nutritional status and prognosis in patients with
SCLC who underwent radiotherapy and found that the
CONUT score and PNI were independent risk factors for
patient outcome. A CONUT >3 or a PNI <47.7 suggests
a poor prognosis for the patient. This study reminds
healthcare workers in clinical practice that nutritional status
assessment and corresponding treatment should be paid
attention to in the hope of improving patient outcomes.
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