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Relationship Between Preoperative Sarcopenia
Status and Immuno-nutritional Parameters in
Patients with Early-stage Non-small Cell Lung Cancer
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Abstract. Background: Although the skeletal muscle in the
region of the third lumbar vertebra (L3) is generally assessed
in order to judge sarcopenia, not every patient with non-small
cell lung cancer (NSCLC) undergoes computed tomography
including the L3 region. We hypothesized that immuno-
nutritional parameters could predict the existence of
sarcopenia in patients with NSCLC. Aim: The aim of this study
was to retrospectively investigate the correlation between
preoperative sarcopenia and immuno-nutritional parameters
in patients with early-stage NSCLC. Patients and Methods: We
selected 147 of patients with pathological stage I NSCLC who
underwent preoperative measurement of immuno-nutritional
parameters and CT including the L3 region. Results:
Preoperative sarcopenia was significantly associated with
female gender (p=0.0003) and poor prognosis (p=0.0322). In
Kaplan—Meier analysis of overall survival (OS) by
preoperative sarcopenia status, the sarcopenic group had
significantly shorter OS than the non-sarcopenic group (5-year
0S: 8727% vs. 77.37%, p=0.0131, log-rank test). In
multivariate analysis, the preoperative sarcopenia status
(hazard ratio=5.138; 95% confidence interval=2.305-11.676;
p<0.0001) was an independent prognostic factor. Preoperative
sarcopenia status was significantly related to controlling
nutritional status score (p=0.0071) and Geriatric Nutritional
Risk Index (GNRI) (p<0.0001). Spearman’s correlation test
showed good significant correlation between preoperative
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sarcopenia status and GNRI (r=0.348, p<0.0001). Conclusion:
The preoperative GNRI is a simple and useful predictor for
existence of preoperative sarcopenia which was associated
with poor outcome in patients with early-stage NSCLC.

Lung cancer is the leading cause of cancer-related death
worldwide. The outcomes of early-stage lung cancer after
curative surgical resection are still worse than for
malignancies affecting other organs. Although adjuvant
chemotherapy for patients with pathological stage IB and
some with stage IA NSCLC has been established in Japan,
the outcomes of patients with lung cancer is still not
satisfactory. Thus, whether adjuvant therapy is performed
and how the postoperative follow-up is planned are very
important for patients with pathologically proven early-stage
NSCLC in order to have survival benefits. Besides many
prognostic factors, such as primary tumor characteristics, the
nutritional status of patients with organ malignancies,
including lung cancer, is an important topic.

Sarcopenia, which means depletion of skeletal muscle
mass, was identified as a poor prognostic factor for organ
malignancies such as pancreatic cancer, melanoma,
hepatocellular carcinoma (1-3). In addition, we have
previously reported that sarcopenia was also associated with
poor outcome in male patients who underwent complete
resection for early-stage NSCLC (4). However, there are
some problems in evaluating sarcopenia in patients with
NSCLC. Firstly, although the skeletal muscle in the region
of the third lumbar vertebra (L3) is generally assessed in
order to judge sarcopenia, not every patient with NSCLC
undergoes CT including the L3 region. Secondly, it is
necessary for judgment of sarcopenia to measure the skeletal
muscle area, however, this requires much labor.

Immuno-nutritional parameters, including the Prognostic
Nutritional Index (PNI), Controlling Nutritional Status
(CONUT), and Geriatric Nutritional Risk Index (GNRI),
have also been evaluated as predictive and prognostic factors
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of several malignancies. These parameters can be simply
calculated based onhematological data and patient’s
anthropometric data. Recently, these immuno-nutritional
parameters were identified as prognostic markers for several
malignancies, including lung cancer (5-8).

Therefore, we hypothesized that immuno-nutritional
parameters could predict the existence of sarcopenia in
patients with NSCLC. Thus, the aim of this study was to
retrospectively investigate the
preoperative sarcopenia and immuno-nutritional parameters
in patients with early-stage NSCLC.

correlation between

Materials and Methods

Patients. Between August 2005 and August 2010. 391 consecutive
patients with primary lung cancer underwent complete surgical
resection at the Department of Surgery and Science, Graduate
School of Medical Sciences, Kyushu University, Japan. For this
study, we selected 147 of those patients with pathological stage I
NSCLC who underwent preoperative measurement of immuno-
nutritional parameters, including total lymphocyte count in the
peripheral blood, serum albumin concentration, total cholesterol
concentration and body weight. All patients underwent preoperative
CT including the region at the third lumbar vertebra (L3). Images
were analyzed using OsiriX, version 5.8 software (Pixmeo, Bernex,
Switzerland). Sarcopenia assessment was performed from each
patient’s scan by evaluating a transverse CT image of the region at
the L3 in the inferior direction.

The results were determined in follow-up examinations occurring
over a median period of 59 (range=0-94) months after surgical
resection. Postoperative follow-up consisted of chest and abdominal
CT, bone scintigraphy, and brain magnetic resonance imaging (MRI)
at 6-month intervals during the first year and yearly thereafter. Chest
radiograph and laboratory blood tests, including tumor markers were
performed at 3- or 4-month intervals during the first year and at 6-
month intervals thereafter. Postoperative recurrence, such as local and
distant recurrence, was defined as in a previous report (9). The first
appearance of any new lesion suspected to be recurrence of the
primary lung cancer lesion was defined as postoperative recurrence,
and was clinically diagnosed by a combination of CT, MRI, bone
scintigram, or fluorodeoxyglucose positron-emission tomography
(FDG-PET), or it was pathologically diagnosed if necessary. Local
recurrence was defined as that occurring in the hilar or mediastinal
lymph nodes, pleural cavity, bronchial stump, or staple line. Lesions
in other sites, including the brain, lung, adrenal glands, bone, and
other locations were considered as distant recurrences. Clinically
equivocal cases of second primary cancer were excluded in this study.

Calculation of skeletal muscle mass. Skeletal muscle was identified
based on Hounsfield unit (HU) thresholds of —29 to +150 (water is
defined as 0 HU, air as 1000 HU) (3). The following muscles in the
L3 region were assessed: psoas, erector spinae, quadratus
lumborum, transversus abdominis, external and internal oblique
muscles, and the rectus abdominis (Figure 1). The cross-sectional
areas (cm?2) of these muscles were computed automatically by
adding together a given tissue’s pixels and multiplying by pixel
surface area in CT. Intraperitoneal organs and spinal cords were
manually excluded. The cross-sectional areas were then normalized
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Figure 1. Kaplan—Meier curve analysis of overall survival (OS) for 147
patients with stage I non-small cell lung cancer by preoperative sarcopenia
status. Bold line: Sarcopenic group; thin line: non-sarcopenic group. The
sarcopenic group had a significantly shorter OS than the non sarcopenic
group (5-year OS: 87.27% vs. 77.37%, p=0.0131, log-rank test).

for height (cm2/m?2). Cut-off values for skeletal muscle were defined
in accordance with a previous report as 43.75 cm2/m2 for men and
41.10 cm?/m? for women (10). Based on this cut-off, patients were
assigned to one of two groups, according to the presence or absence
of sarcopenia. The clinicopathological background and rates of
overall and recurrence-free survival of patients with and without
sarcopenia were compared.

Preoperative calculation of immuno-nutritional parameters.
Preoperative blood samples were obtained within 2 weeks before
surgery. i) PNI. The preoperative PNI was calculated using the
following formula: 10x serum albumin level (g/dl) + 0.005x total
lymphocyte count in peripheral blood (per mm?3) (11).

ii) CONUT score. The preoperative CONUT score was calculated
using serum albumin concentration, peripheral lymphocyte count,
and total cholesterol concentrations (12). In brief, each parameter
was scored as follows: Albumin concentration: =3.5 mg/dl: O points,
3.0-3.49 mg/dl: 2 points, 2.5-2.99 mg/dl: 4 points, and <2.5 mg/dl:
6 points. Total lymphocyte count: =1600/mm3: 0 points, 1200-
1599/mm3: 1 point, 800-1199/mm?3: 2 points, and <800/mm3: 3
points. Total cholesterol were scored as: =180 mg/dl: O points, 140-
179/mm3: 1 point, 100-139/mm?3: 2 points, and <100/mm3: 3 points.
The sum of these scores was defined as the CONUT score.

iii) GNRI. The preoperative GNRI was calculated using serum
albumin concentration and body weight as described elsewhere (5,
13). The GNRI formula is as follows: GNRI=14.87x serum albumin
concentration (g/l) + 41.7x preoperative weight/ideal weight (kg).
The ideal body weight is calculated as follows: ideal body
weight=22x square of height (m).

Histopathological evaluation. We retrospectively collected formalin-
fixed and paraffin-embedded NSCLC surgical specimens, stained
them with hematoxylin and eosin, and reviewed the sections. Elastic
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Table 1. Clinical profile of patients.

Table II. Pathological profile of patients (N=147).

Characteristic N=147 Characteristic No (%)

Median follow-up (range), months 59 (0-94) Histological type

Median age (range), years 68 (42-86) Adenocarcinoma 116 (78.9)

Gender, n (%) Other 31 (21.1)
Female 65 (44.2) Tumor size
Male 82 (55.8) Tla (=2 cm) 66 (44.9)

Smoking status, n (%) T1b (>2 cm) 34 (23.1)
Never 60 (40.8) T2a 47 (32.0)
Former 87 (59.2) Pleural invasion (pl)

Preoperative CEA level, n (%) pl O 125 (85.0)
Normal 87 (59.2) pl 1-2 22 (15.0)
Abnormal 60 (40.8) Intratumoral blood vessel invasion

Preoperative CYFRA level, n (%) No 115 (78.2)
Normal 140 (95.2) Yes 32 (21.8)
Abnormal 7 (4.8) Intratumoral lymphatic vessel invasion

Surgical procedure, n (%) No 140 (95.2)
Lobectomy 106 (72.1) Yes 7(4.8)
Limited resection 41 (27.9)

Adjuvant chemotherapy, n (%)

Yes 19 (12.9)
No 128 (87.1)

CEA, Carcinoembryonic antigen (normal value <3.4 ng/ml); CYFRA,
cytokeratin 19 fragment (normal value <3.5 ng/ml).

and connective tissues were stained to determine pleural invasion,
intratumoral blood vessel invasion (BVI), and lymphatic vessel
invasion (LVI). BVI and LVI were distinguished by Elastica van
Giessen staining. A specimen was considered positive for BVI when
cancer cells were observed in the intratumoral vessel lumen.
Pathological staging was based on the TNM classification of the
International Union Against Cancer (14). For TNM staging, all of
the patients underwent CT scans of the thorax and the upper
abdomen, bone scintigrams, and brain CTs, MRIs, or FDG-PETs.

Outcome definition. Overall survival (OS) was defined as the time
elapsed from resection to the date of death from any cause.

Statistical analysis. Clinical profiles of patients, pathological
profiles of patients and patient characteristics were summarized
using descriptive statistics or contingency tables. Fisher’s exact test
was used for analysis of categorical data. We analyzed patient
survival using the Kaplan—-Meier method and compared groups
using the log-rank test. We used the Cox proportional hazards model
to identify independent predictive and prognostic factors. The
associations between preoperative sarcopenia and immuno-
nutritional parameters were determined using Spearman’s
correlation tests. Values of p<0.05 were considered significant. All
statistical analyses were performed using the JMP software
program, version 11.0 (SAS Institute Inc., Cary, NC, USA).

Results
Clinical profiles. The patients’ clinical profiles are shown in

Table 1. The study group included 65 women and 82 men,
with a median age of 68 (range=42-86) years at the time of

surgery. Sixty (40.8%) patients had never smoked and the
remaining patients were former or current smokers. Sixty
(40.8%) patients had abnormal preoperative carcinoembryonic
antigen (CEA) levels (normal value: <3.4 ng/ml) and 7 (4.8%)
patients had abnormal preoperative cytokeratin 19 fragment
(CYFRA) levels (normal value: <3.5 ng/ml). The majority of
patients (72.1%) underwent lobectomies with systemic
lymphadenectomies and 41 patients underwent limited
resections, including segmentectomies or wedge resections in
those with peripheral lesions or poor pulmonary function.
Nineteen (12.9%) patients received adjuvant chemotherapy.
Postoperative recurrence occurred in 24 patients (16.3%).

Pathological profiles. The histological types were
adenocarcinoma in 116 (78.9%) patients and non-
adenocarcinoma in 31 (21.1%) patients. Of the 147 patients,
66 (44.9%) had primary tumors <2 cm (T1a). Twenty-two
(15.0%) patients were found to have visceral pleural
invasion, 32 (21.8%) had BVI, and seven (4.8%) had LVI
(Table II).

Correlation between preoperative sarcopenia status and
clinic-pathological features. Preoperative sarcopenia was
significantly associated with female gender (p=0.0003) and
poor prognosis (p=0.0322), but with no other factors,
including age, preoperative complications, histology,
preoperative serum CEA and CYFRA levels, surgical
procedures, pathological T factor, pleural invasion, BVI, or
LVI (Table III).

Preoperative sarcopenia status and OS in patients with

pathological stage I NSCLC. In Kaplan—Meier analysis of
OS by preoperative sarcopenia status, the sarcopenic group
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Table III. Clinicopathological characteristics in patients with and without
sarcopenia. Data in the table are the number of patients in each category.

Variable No sarcopenia  Sarcopenia  p-Value
(n=90) (n=57)

Age 0.5480
>75 Years 19 15
<75 Years 71 42

Gender 0.0003
Male 61 29
Female 29 36

Preoperative complications 0.4604
Yes 11 11
No 41 27

Histology 0.6840
Non-adenocarcinoma 18 13
Adenocarcinoma 72 44

Preoperative CEA level 0.8637
Abnormal 36 24
Normal 54 33

Preoperative CYFRA level 0.7079
Abnormal 5 2
Normal 85 56

Surgical procedures

>0.9999
Limited resections 25 16
Lobectomy 65 41

Pathological T factor 0.2089
T2a 33 14
Tlab 57 43

Pleural invasion 0.1935
pl 1-2 17 5
pl 0 73 52

Intratumoral blood

vessel invasion 0.2186
Yes 23 9
No 67 48

Intratumoral lymphatic

vessel invasion 0.7063
Yes 5 2
No 85 55

Postoperative recurrence 0.2551
Yes 12 12
No 78 45

Outcome at end of follow-up 0.0322
Dead 12 16
Alive 78 41

CEA, Carcinoembryonic antigen (normal value <3.4 ng/ml); CYFRA,
cytokeratin 19 fragment (normal value <3.5 ng/ml); GNRI, Geriatric
Nutritional Risk Index.

had significantly shorter OS than the non-sarcopenic group
(5-year OS=87.27% vs. 77.37%, respectively, p=0.0131, log-
rank test; Figure 1).

Prognostic factors in patients with pathological stage |

NSCLC. We compared OS in patients by age (cut-off of 75
years), sex, smoking habit, preoperative serum CEA level,
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preoperative serum CYFRA level, preoperative sarcopenia
status, pathological T factor, tumor type, extent of resection,
BVI, LVI, and receipt of adjuvant (Table IV). Univariate
analyses showed that age (>75 years) (p<0.0001), male
gender (p=0.0009), with smoking history (p=0.0243),
abnormal preoperative serum CEA levels (p=0.0003),
preoperative sarcopenia (p=0.0161), tumor size (T2a)
(»=0.0003), with pleural invasion (p=0.0007), and with BVI
(p=0.0150) significantly affected OS. In multivariate
analysis, age (>75 years) (p=0.0006) and the preoperative
sarcopenia existence (p<0.0001) were independent
prognostic factors (Table IV).

Correlation between preoperative sarcopenia status and
immuno-nutritional parameters. Preoperative sarcopenia
status was significantly negatively-associated with L3 skeletal
muscle index (p<0.0001), body mass index (p<0.0001) and
total lymphocyte count (p=0.0074). According to immuno-
nutritional parameters, preoperative sarcopenia status was
significantly negatively-related to CONUT score (p=0.0071)
and GNRI (p<0.0001), but not PNI (p=0.1091) (Table V).
Spearman’s correlation test also showed significant
correlation between preoperative sarcopenia status and both
GNRI (r=0.348, p<0.0001) and CONUT (r=-0.272,
p<0.0001) but not PNI (r=0.174, p=0.0350).

Discussion

The present study retrospectively investigated the correlation
between preoperative sarcopenia and immuno-nutritional
parameters in patients with pathological stage I NSCLC. As
a result, we show the preoperative sacrcopenia status was
significantly correlated with preoperative immuno-nutritional
parameters such as GNRI and CONUT score in surgically
resected patients with pathological stage I NSCLC. Our
result suggest that the preoperative immuno-nutritional
parameters can be simplified to judge whether sarcopenia
exists preoperatively not by measuring the skeletal muscle
on CT but simply by calculating hematological data or using
anthropometric measurement including body height and
weight.

Sarcopenia, characterized by progressive loss of skeletal
muscle mass, muscle strength and physical performance (15),
has been recognized as clinically important. Sarcopenia can
predict survival in patients with various kinds of cancer (1-
3). Both cancer cachexia and sarcopenia are commonly
observed in patients with advanced NSCL; several studies
have reported sarcopenia was a poor prognostic factor in
advanced NSCLC (16-19). However, few studies for patients
with early-stage NSCLC have been reported. We previously
reported that sarcopenia identified using a cross-sectional CT
image of the L3 level was associated with poor outcome in
patients with completely resected stage I NSCLC (4).
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Table IV. Univariate and multivariate analyses for overall survival in patients with stage I non-small cell lung cancer.

Variable Comparison (comparator vs. Ref) Univariate analysis Multivariate analysis
HR (95% CI) p-Value HR (95% CI) p-Value
Age >75 vs. <75 Years 5.875 (2.745-12.764) <0.0001 4.610 (1.954-11.092) 0.0006
Gender Male vs. female 4.207 (1.733-12.531) 0.0009 2.552 (0.777-9.697) 0.1260
Smoking status Cur/for vs. never 2.522 (1.122-6.416) 0.0243 1.571 (0.531-5.122) 0.4235
Preoperative CEA Abnormal vs. normal 4.125 (1.880-9.975) 0.0003 1.947 (0.848-4.870) 0.1183
Preoperative CYFRA Abnormal vs. normal 2.510 (0.139-1.678) 0.1818 -
Preoperative sarcopenia Yes vs. no 2.499 (1.187-5.406) 0.0161 5.138 (2.305-11.676) <0.0001
Tumor size T2a vs. Tlab 4.073 (1.919-9.011) 0.0003 2.097 (0.725-5.824) 0.1676
Histology Non-Ad vs. Ad 3.061 (1.383-6.504) 0.0068 1.470 (0.591-3.526) 0.3989
Procedure Limited vs. lobectomy 1.265 (0.545-2.721) 0.5675 -
Pleural invasion Yes vs. no 4.410 (1.941-9.478) 0.0007 2.012 (0.758-5.469) 0.1594
BVI Yes vs. no 2.698 (1.225-5.701) 0.0150 1.396 (0.599-3.127) 0.4290
LVI Yes vs. no 1.643 (0.265-5.503) 0.5280 -
Adjuvant chemotherapy No vs. yes 1.833 (0.675-4.254) 0.2157 -

HR, Hazard ratio; CI, confidence interval; Cur/for, current/former smoker; CEA, carcinoembryonic antigen (normal value <3.4 ng/ml); CYFRA,
cytokeratin 19 fragment (normal value <3.5 ng/ml); limited, limited resection; Ad, adenocarcinoma; BVI, intratumoral blood vessel invasion; LVI,

lymphatic vessel invasion; Ref, reference.

Table V. Preoperative immuno-nutritional parameters in patients with or without sarcopenia.

Variable Non-sarcopenia (n=90) Sarcopenia (n=57) p-Value
L3 skeletal muscle index (cm2/m?2) 50.5+6.8 37.6+3.2 <0.0001
Body mass index (kg/m2) 23.7£2.8 20.8+2.9 <0.0001
Total lymphocyte count (/mm3) 1849.5+588.9 1581.3x611.4 0.0074
Albumin (g/dl) 42+04 4.2+0.3 0.9369
Total cholesterol (mg/dl) 197.8+£31.5 194.1£32.8 0.4936
PNI 51.1+4.9 49.9+4.7 0.1091
CONUT 0.8+1.1 1.3+1.1 0.0071
GNRI 107.4+8.3 101.9+£7.6 <0.0001

CONUT, Controlling nutritional status score; GNRI, geriatric nutritional risk index; PNI, prognostic nutritional index.

However, this relationship was found only in male not in
female patients. We believe one reason why sex difference
might have been found was that the sample size in that study
was small (n=90). Thus, in the present study, a total of 147
patients with pathological stage I NSCLC were assessed and
significance of preoperative sarcopenia status was re-
evaluated. As a result, preoperative sarcopenia status was an
independent prognostic factors in pathological stage I
NSCLC regardless of sex. Preoperative sarcopenia status
indeed has prognostic significance for patients surgically
resected for early-stage NSCLC.

In addition, the present study also showed the significant
correlation between sarcopenia and immuno-nutritional
parameters in patients surgically resected for early-stage
NSCLC. In particular, the preoperative GNRI had good

discriminative power in predicting the existence of
preoperative sarcopenia in patients with early-stage NSCLC
in the present study. The GNRI has been reported to be a
useful prognostic factor of esophageal cancer and renal cell
cancer (5, 20). The GNRI reflects the nutritional status as it
is based on serum albumin concentration and BMI. Serum
albumin is a simple and valuable marker which can reflect
malnutrition or cachexia in patients with cancer. Several
studies have reported that body weight loss is considered a
poor prognostic factor of lung cancer (21-24). Two studies
evaluated patients that underwent lung cancer surgery and
reported that preoperative BMI was a predictor of outcome
after lung resection for lung cancer (21, 25). Thus, GNRI
may be one of the most valuable immuno-nutritional
parameters. An effective nutritional screening tool should be
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simple, costless and easy to use with readily available data.
GNRI also can be easily calculated from routinely obtained
laboratory data. Therefore, the existence of preoperative
sarcopenia in early-stage NSCLC can be predicted by
calculating the preoperative GNRI.

We previously reported that the PNI was a simple and
novel predictor of postoperative recurrence in pathological
stage I NSCLC (7). PNI was calculated using two
parameters: the total lymphocyte count in peripheral blood
and the serum albumin concentration (11). Thus, PNI can
reflect both the immune response to cancer cells and the
nutritional status. On the other hand, CONUT was
calculated using three parameters including total
lymphocyte count in peripheral blood, serum albumin
concentrations and serum total cholesterol concentration
(12). Low serum cholesterol levels are likely to be a
secondary event after systemic inflammation (6). Therefore,
the CONUT score enables evaluation of the protein reserve,
calorie depletion, and immune defense. Consequently, the
CONUT score can reflect immunological and nutritional
status, and may be a good immuno-nutritional marker. In
the present study, the preoperative CONUT score was also
weakly associated with preoperative sarcopenia status,
although there was no correlation between the preoperative
PNI and sarcopenia status.

Jung et al. reported that sarcopenia was associated with an
increased risk of grade 3-4 toxicity of chemotherapy and
poor prognosis in patients with advanced colon cancer (26).
Prado et al. studied the association between sarcopenia and
adverse events in patients with breast cancer receiving
chemotherapy (27). From these studies (26, 27),
chemotherapy including induction or adjuvant therapy may
be avoided for patients with organ malignancies and
sarcopenia. In patients with advanced NSCLC receiving
chemotherapy, sarcopenia is also associated with poor
prognosis (18). Thus, sarcopenia seems to be a negative
factor for chemotherapy in patients with advanced NSCLC.

However, there have been few studies of whether
chemotherapy is beneficial or harmful for patients with
preoperative sarcopenia with early-stage NSCLC. The
outcomes after surgical resection in these patients are still
not satisfactory compared with those with other organ
malignancies, although patients with pathological stage IB
or TIbNOMO NSCLC have survival benefits from receiving
adjuvant chemotherapy in Japan (7).

In the present study, we showed that preoperative
sarcopenia status was an independent prognostic factor in
patients with early-stage NSCLC. Therefore elucidating how
patients with early-stage NSCLC with preoperative
sarcopenia should be followed up or treated before and after
surgical resection may further improve prognosis of patients
with early-stage NSCLC. Therefore, the preoperative GNRI
might be useful for selection of patients with early-stage
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NSCLC needing intensive follow-up and induction or
adjuvant therapy, including chemotherapy, radiotherapy or
nutritional support.

However, this investigation has certain limitations. This
study was a retrospective study from a single institution.
Thus, a multicenter prospective study is necessary to
evaluate the correlation between the preoperative
sarcopenia status and GNRI and how to use preoperative
GNRI for patient follow-up, and the survival benefit of
therapy for patients with early-stage NSCLC with abnormal
preoperative GNRI.

In conclusion, the preoperative GNRI is a simple and
useful predictor for the existence of preoperative sarcopenia
which was associated with poor outcome in patients with
early-stage NSCLC.
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