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Abstract— In this paper, we introduce the Weibull 

distribution. Weibul cumulative distribution function 

determined the values for both the shape and scale 

parameters, in order to accurately predict the cancer level 

for the location. Cancer cachexia affects many advanced 

non-small-cell lung cancer (NSCLC) patients. Cachexia 

index (CXI) was developed to assess the degree of cachexia 

in these patients. Abdominal computed tomography scans 

done within 1 month of diagnosis were reviewed to estimate 

skeletal muscle area (SMA) and skeletal muscle index 

(SMI) at the L3 level. CXI was developed as follows: where 

SMI is the skeletal muscle index, Alb is the serum albumin, 

and NLR is the neutrophil-to-lymphocyte ratio. Progression-

free survival (PFS) and overall survival (OS) were 

estimated. Multivariate Cox regression was used to perform 

survival analysis in order to estimate the effects of various 

factors. The CXI is a novel index for estimating cachexia 

that also correlates with prognosis in both men and women 

with advanced NSCLC. 
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I. INTRODUCTION 

Cancer is the leading cause of death in people aged 40–79 

years and is overall the second leading cause of death in the 

United States. Among all the cancer types, lung cancer is the 

main cause of cancer-related mortality. Lung cancer causes 

more deaths than those from the next three most common 

types of cancers, such as colorectal, breast, and pancreatic 

cancers, combined together. More than half of all lung 

cancer patients at the time of diagnosis have stage IV 

disease that has a 5-year survival rate 5% [7].Cachexia is a 

wasting syndrome seen not only in cancer but also in 

chronic obstructive pulmonary disease [11], chronic heart 

failure [1],and acquired immune deficiency syndrome 

[10].Cancer cachexia is defined as a multifactorial syndrome 

characterized by an ongoing loss of skeletal muscle mass 

(with or without loss of fat mass) that cannot be fully 

reversed by conventional nutrition support and leads to 

progressive functional impairment [4]. The incidence of 

cachexia varies with tumor type, being lowest in sarcoma 

and breast cancers, whereas 80%–90% of patients with 

pancreatic and gastric cancers experience weight loss [8].It 

is estimated that 60% of lung cancer patients have cancer 

cachexia [5].The different incidence of cachexia among 

various cancer types may be explained by differing biology 

of the tumor. The variability in the estimation of cachexia 

among cancer patients has also been due to lack of a 

consensus clinical definition for cancer cachexia [6]. 

Recently, various definitions of cachexia have been 

proposed including weight loss .5% of body weight or body 

mass index (BMI) ,20 kg/m2 (where weight loss is not 

available) along with the presence of fatigue, anorexia, 

decreased muscle strength, low fat-free mass index, and 

abnormal biochemistry [3].In another definition and clas-

sification of cancer-specific cachexia, a proposal by the 

SCRINIO (screening of the nutrition risk of 1307 oncology 

patients) working group. Cancer cachexia was defined as 

weight loss of 5% in the preceding6 months or .2% in 

individuals showing depletion based on BMI (,20 kg/m2) 

and sarcopenia. In a recent report, when this definition was 

applied to patients with stage III non-small-cell lung cancer 

(NSCLC), 18% of patients were diagnosed with cachexia 

and another 23% with pre-cachexia [9]. 

II. APPLICATION 

Patients were excluded if they had prior history of NSCLC 

presenting with relapse, prior history of another cancer in 

the preceding 5 years, and those with incomplete medical 

information or follow-up. Following data points were 

recorded from patient charts: height, weight, absolute 

neutrophil count, absolute lymphocyte count, and serum 

albumin either from the date of diagnosis or from the date 

closest to the diagnosis (within 2 weeks of diagnosis). 

CXI was calculated as follows: 

CXI = (SMI X Alb) / NLR 

Where SMI is the skeletal muscle index, Alb is the 

serum albumin in g/dL and NLR is the neutrophil-to-

lymphocyte ratio (absolute neutrophil count/absolute 

lymphocyte count). After a review of nearly 400 charts, a 

total of 112 patients with complete medical information and 

follow-up were included in the final analysis. Most patients 

were excluded due to insufficient medical information. 

Two-thirds of the participants were men; 55% of all cancers 

had a better response to chemotherapy. The median PFS and 

OS for stage I cachexia were 5.4 and 8.8 months as opposed 

to 2.45 and 3.45 months for stage II cachexia (P = 0.0001) 

.The CXI was able to predict poor outcome in both men and 

women. Patients with stage II cachexia had a poor outcome 

irrespective of patient’s gender. PFS in stage II cachexia for 

both men (2.45 months) and women (2.18 months) was 

worse than that of men (5.49 months) and women (4.75 

months) with stage I cachexia Similarly patients with stage 

II cachexia had a worse OS for both men (3.27 months) and 

women (4.62 months) than men (8.88 months) and women 

(7.88 months) with stage I cachexia (P = 0.001) 
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Fig. 1: 

III. MATHEMATICAL MODEL 

The Weibull distribution is determined by the two 

parameters c and k. The cumulative 

Weibull distribution P(v) which gives the probability of the 

value v is expressed as: 

P(V) = exp{-(v/c)
k
}                            (1) 

Equation (1) above suggests that both k and c could 

be obtained from a regression analysis of P(v) – v plot of the 

cancer-specific cachexia distribution data for a particular 

location. The Weibull probability density functions and 

determined values for both the shape and scale parameters, 

in order to accurately predict the cancer level for the 

location [2]. 

IV. MATHEMATICAL RESULTS 

 
Fig. 2: 

V. DISCUSSION 

Cancer cachexia remains a challenging condition affecting 

many cancer patients, especially those with advanced 

disease. Identifying mechanism and treatment of cancer 

cachexia is one of the provocative questions recently put 

forward by the National Cancer Institute (NCI). The current 

consensus definition of cancer cachexia (weight loss .5%) is 

based on the degree of weight loss prior to diagnosis [4]. 

Moreover, a definition of cancer cachexia based on weight 

loss alone may be a good way of screening patients for 

cancer cachexia, but it does not take into account muscle 

wasting (sarcopenia) or nutritional status of the patient. 

In this paper, we reviewed patients newly diag-

nosed with advanced NSCLC at our institution over a 10-

year period. Because cancer cachexia is also characterized 

by systemic inflammation and poor nutritional status, we 

estimated the degree of systemic inflammation using the 

NLR (for which a high value is associated with higher 

systemic inflammation) and nutritional status with serum 

albumin. In order to estimate the degree of cancer cachexia, 

we developed a composite index that incorporates features 

of sarcopenia, systemic inflammation, and nutritional status 

into a combined index called the CXI. We had previously 

shown using advanced lung cancer inflammation index 

(ALI) that when BMI is combined with serum albumin and 

NLR, patients with advanced NSCLC can be divided into 

good and poor prognosis.18 CXI is an improvement on ALI 

as CXI incorporates SMI that is a hallmark of cancer 

cachexia. If SMI is not readily available, ALI can be used to 

identify patients with high inflammation and risk of early 

progression. 

VI. CONCLUSION 

CXI as such does not tell us if the patient has cachexia or 

not, but it does categorize the patient into low risk and high 

risk based on variables known to be associated with cancer 

cachexia. Because CXI is a continuous variable, there may 

be little difference of someone with CXI of 37 and 34 

though they fall into stage I and stage II cachexia, 

respectively. The CXI is estimating cachexia that also 

correlates with prognosis in both men and women with 

advanced NSCLC. The CXI is an objective method of 

estimating the degree of cancer cachexia in patients with 

advanced NSCLC. It can thus be used to identify patients 

who are at high risk of early progression and less likely to 

receive cancer treatment. It can also be used to identify 

which patients should be treated with therapies directed 

against cancer cachexia. The CXI should be validated in 

larger prospective studies of both early- and advanced-stage 

NSCLC and other cancers. The medical curve and 

Mathematical curve for disease control is higher than the 

cumulative distribution functions which are monotonic 

functions. This will be helpful for the medical professional. 
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