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Synopsis  

Prognostic factors continue to play a critical role in explaining the outcome of patients with lung cancer. 

They are vital in many clinical tasks including individual advising, choosing among different treatment 

options, stratifying for groups of comparable risks -while designing new studies and interpreting the 

literature-, understanding the biological nature of the disease.  

Traditionally, the anatomical extent of disease, the patient’s performance status, and few other 

anthropometric variables are assumed all is needed for a reliable prognostic assessment.  Especially in 

small cell lung cancer, but also in the advanced stages of non-small cell lung cancer, the use of simple 

biochemical tests is considered an additional valuable option.  For years, serum tumor markers have 

been used to monitor the clinical course of lung cancer and their prognostic capability appears quite 

certain.  More recently, newer biologic prognostic determinants have recalled the attention of 

researchers.  Intriguing patient-related factors, such as a mental state of depression, might be 

recognized important in the future. Another factor of this group, the quality of life as a whole, is already 

supported by clear and indubitable evidence.    

The life span of each individual patient will never be calculated mathematically as a physical unit, but, as 

new portions of the universe of prognostic factors are being explored, the approximation becomes 

increasingly satisfactorily. 

     

Introduction 

Lung cancer remains one of the most dreadful human tumors.  Treatment is only marginally effective, 

and prognostic factors continue to play a critical role in explaining the outcome of patients. Failure to 
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appreciate the importance of prognostic factors may contribute to the design of inefficient studies, the 

wrong interpretation of results, and the development of an inconsistent literature.  Prognostic factors 

are helpful in individual advising, treatment decision (especially when treatment options depend on the 

baseline characteristics of the subject), and disease understanding (certain factors provide insights into 

the disease process and directions for further studies).  

A recent development of the research on prognostic factors is technical.  Data-recording systems 

based on microcomputers are now widely available.  Single institutions are capable to analyze their 

own data or to cumulate them into large multi-institutional files, simply by exchanging magnetic support 

media.  As a result, the number of studies dealing with both newer and more traditional prognostic 

factors is proliferating.  For example, the publications indexed in the Medline under the search items 

“lung, cancer, prognostic, factors” were 18 in 1980, 53 in 1985, 119 in 1990, 160 in 1995 and 275 in 

2000! … 

Unfortunately, the interpretation of this vast and continuously growing literature is not easy. (1)  

Attempts to analyze in a semi-quantitative manner the published data has been made by ourselves (2;3) 

and, more recently, by Brundage and colleagues. (1)  Traditionally, the anatomical extent of disease, 

the patient’s performance status, and few other anthropometric variables are believed to be all is 

needed for a reliable prognostic assessment. (4)  Especially in small cell lung cancer, the use of simple 

biochemical tests is an additional option. (5;6)  For years, serum tumor markers have been used to 

monitor the clinical course of lung cancer and their prognostic capability unequivocally proved. (7)   

Finally, newer tests, based on the experimental evidence arising in the laboratory at the cellular and 

molecular level, appear attracting (8;9).    
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In this review, we will list the principal prognostic factors for the advanced or metastatic non-small cell 

lung cancer (NSCLC), describing and commenting a few of the relevant studies.  Table 1 shows a 

working classification of prognostic factors that will be used in this review.     

   

Tumor-related factors of prognosis 

Biological Factors  

Evidence concerning biological factors is mostly limited to resected non-small cell lung cancer.  

However, data on patients with advanced stages of disease is obtainable from studies that reported 

patients in stage IIIa/IIIb at the time of operation.  Biological prognostic factors are listed in Table 2.   

Mutation of the p53 tumor suppressor gene may be considered an established marker of poor survival 

among patients with NSCLC.  Data from the literature is somewhat conflicting, (10) but at least three 

systematic reviews have confirmed the prognostic value of p53 alteration.(11-13) In one meta-

analysis, (12) 43 articles were reviewed. Combined survival differences at 5 years were -9.1% (p = 

0.0091) and -22.0% (p = 0.0026) in studies with, respectively, protein over-expression and gene 

mutation. However, the negative prognostic effect of p53 alteration was not significant in patients with 

squamous cell carcinoma. The authors concluded that, while p53 alteration is a significant marker of 

poor prognosis in patients with pulmonary adenocarcinoma, such alteration does not automatically 

provide information that can alter treatment decisions. (12)   

Activation of K-ras gene by point mutations, a common finding in lung adenocarcinomas, may also 

decrease patient survival.  In a classic study, (17) 19 of 69 tumors were found to harbor a point 

mutation in codon 12 of the K-ras oncogene. Tumors positive for K-ras point mutations tended to be 
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smaller and less differentiated than those without mutations. The K-ras codon-12 point mutation was a 

strong (and unfavorable) prognostic factor: 12 of the 19 patients with K-ras point-mutation-positive 

tumors died during the follow-up period, as compared with 16 of the 50 patients with no mutation in 

the K-ras oncogene (p = 0.002).   

DNA content abnormalities have been described as a heterogeneous spectrum of impaired tumor cell 

DNA histogram patterns. They are merged into the common term of aneuploidy, probably reflecting a 

high genotypic instability. A meta-analysis of published studies identified 35 trials in the literature. (21) 

Among the 4033 cases reviewed, 2626 had aneuploid DNA content.  Patients suffering from a nearly 

diploid tumor benefited from a significant reduction in risk of death.  Patients who had surgical 

resection of a cancer with aneuploid DNA content had a higher risk of death.(21)   

Histological, pathological and anatomical factors 

Histological, pathological and anatomical factors of prognostic significance in the advanced NSCLC 

are listed in Table 2.   

In addition to the last internationally adopted staging classification (60), it is clear that each single 

parameter that contains a measure of the anatomical burden of disease (e.g., the T and N factors, or 

the presence, type and number of metastatic sites) reflects prognosis. (2;61)   Still today, the accurate 

assessment of the anatomical spread of disease remains the best and most reliable way to predict the 

patient’s outcome.   

Tumor histopathology classification provides the foundation for tumor diagnosis and patient therapy 

and a critical basis for epidemiological and clinical studies. The newly updated classification was 

developed with the aim to adhere to the principles of reproducibility, clinical significance, and 

simplicity.(62)   However, although several tumor histotypes (e.g., the large cell neuroendocrine 



 6

carcinoma or the basaloid carcinoma) may be associated to a dismal prognosis, (62) the simple 

histologic classification does not appear to provide valuable and reproducible prognostic information. 

(2) 

The evidence concerning the other prognostic factors of this group arises, again, from surgical series of 

patients who were postoperatively classified in stage IIIa/IIIb.  The growth of newly formed vessels, or 

neoangiogenesis, represents an important step in both physiological and pathological situations: in 

particular, tumor growth and metastasis require angiogenesis. Microvessel optical count, the 

commonest measure of tumor angiogenesis, was evaluated in a series of 195 patients with stage I-IIIA 

non-small cell lung cancer (NSCLC). (36)  In multivariate analysis, microvessel count was found to be 

the most powerful independent prognostic factor, with a relative hazard of 6.61 (p < 0.00001). (36)  

To assess the prognostic value of microvessel count, a systematic review of the literature was 

performed by the European Lung Cancer Working Party and recently reported.(37)  Published studies 

were identified by an electronic search in order to aggregate survival results, after a methodological 

assessment that used a quality scale designed by the authors themselves. The study that reviewed 

several thousands of patient records confirmed that a high microvessel count in the primitive lung tumor 

is a statistically significant poor prognostic factor.(37)   

The prognostic value of major blood vessel invasion was studied in 593 patients who had curative 

resection for NSCLC. (38)   Histologic type, T and N status, peritumor lung tissue invasion, tumor 

stroma, necrosis, mitotic rate, and blood vessel invasion were evaluated. Among such factors, only 

blood vessel invasion and, less significantly, T stage and lymph node metastasis were independent 

prognostic factors. (38)  In a similar study, (41)other 96 surgical patients were considered for the 

prevalence of both blood and lymphatic vessel invasion.  In univariate analysis, only the lymphatic 
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invasion was associated with a poor survival (p = 0.0001, estimated relative risk of death = 3.2). In 

multivariate analysis, lymphatic invasion and pTNM were additional predictors for poor disease free 

and overall survival.(41)  

Serological factors (tumor markers) 

Standard tumor markers (STM) are a group of substances that “mark” the presence of tumor, 

providing important information on its anatomical extension and biological aggressiveness.  STM are 

easily, inexpensively and serially measurable in the lab from the sera (or other body fluids) of patients. 

STM consists of a variety of substances, including oncofetal proteins, structural proteins and their 

fragments, enzymes, membrane antigens, peptide and non-peptide hormones.  Although they are the 

expression of particular tumor features, standard tumor markers are usually treated apart from the 

other biologic factors, privileging their characteristic of simple lab tests and their traditional 

classification.   Table 2 lists a few STM, which appear to be the most important from the prognostic 

point of view. 

Cytokeratins are well known structural proteins whose degradation gives rise to soluble fragments, 

measurable in the blood of patients and capable of cancer marking. Among them, Tissue Polypeptide 

Antigen (TPA), Tissue Polypeptide-Specific Antigen (TPS) and Cytokeratin-19-Fragments (Cyfra 21-

1) are the most commonly studied CK fragments' complexes. The biological characteristics and clinical 

properties of these substances have been recently reviewed.(63)  A clinical study designed to compare 

TPA and CA 125 tumor associated antigen in 384 lung cancer patients was recently reported.(45)  

Both TPA and CA 125 were strongly predictive of the patients' outcome, as assessed by the univariate 

analysis of survival (log-rank test: 37.24 and 29.01) and several Cox' proportional hazards regression 

models. (63)   In another study, (49) the value of TPS and Cyfra 21-1 was compared, with reference 
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to diagnosis, staging, prognosis, and monitoring of 94 patients with NSCLC.  Multivariate analysis of 

survival identified TPS and Cyfra 21-1 as significant predictors of survival, with relative risks of 2.57 

(p = 0.001) and 2.05 (p = 0.01).  The authors suggested that the combined use of these cytokeratin 

markers may provide additional information for prognosis.(49)  Cyfra 21-1 and neuron specific 

enolase (NSE), the gamma-subunit of enolase, were evaluated as prognostic factors in a large French 

study, including 621 histologically proven and previously untreated NSCLC patients. (47)  The authors 

reported the following variables to be independent determinants of poor outcome: low performance 

status, advanced nodal status, metastatic disease, Cyfra 21-1, advanced tumor status (T). When the 

survival analysis was restricted to 274 patients affected by a NSCLC in metastatic stage, NSE was an 

additional independent prognostic determinant.(47) 

Carcinoembryonic antigen (CEA) is an oncofetal protein normally found in the embryonic and fetal gut 

and sometimes produced by malignant cells.  It was discovered in 1965 by Gold and Freedman in 

patients with adenocarcinoma of the colon (64).  In NSCLC, the prognostic value of CEA was first 

sanctioned by a consensus conference held at the National Institute of Health in 1980. (64) In 1994, 

14 studies looking at CEA in NSCLC were reviewed. (2)   Nine of the 14 studies proved CEA to 

have some prognostic significance.  This prognostic capability was almost certain (thousands of 

patients and seven large studies provided information on the antigen), rather weak (not confirmed in 

any study with great statistical power), and no or minimally independent (no study including more than 

6 prognostic factors found CEA significant within a multivariate approach).    

In 1996, the risk of death was analyzed in 108 NSCLC patients with respect of TNM stage, 

histological type and CEA, CA125 antigen and squamous cell carcinoma antigen (SCC). (66)  

Multivariate analyses indicated that TNM stage and histological type had the best predictive power, 
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but serum CA125 and serum CEA contained additional, independent prognostic information. (66)   A 

few years before, the same authors had assessed the prognostic value of pretreatment serum NSE in 

84 NSCLC patients, as compared to 40 healthy controls, and 20 patients with benign pulmonary 

diseases. (58)  Patients with a preoperative NSE level < 15 ng/ml had significantly longer 24-month 

survival than those whose initial levels were > 15 ng/ml (70 vs. 47%; p < 0.05), and this was 

confirmed after stratifying by TNM stage. (58)  

  

Host related factors 

Clinical, psychological and relational factors  

The Karnofsky's index of performance status (KPS) (67)and the Eastern Cooperative Oncology 

Group Performance Status Scale (ECOG PS) (68) are widely used methods of assessing the 

functional status of cancer patients. Whatever the scale, there is no doubt that performance status is 

one of the most efficient prognostic factors, also in NSCLC (Table 3).  

Seventy-seven prognostic factors were considered in a classic report by the Veterans Administration 

Lung Group. (106)  More than 5,000 patients with inoperable bronchogenic carcinoma of the lung, 

entered on the group protocols 9-15 (1968-78), were studied.  Fifty prognostic factors for survival 

were identified, and their relative contributions to patient survival were considered.  The three most 

important prognostic factors affecting survival were the Karnofsky initial performance status score, 

extent of disease, and weight loss in the previous 6 months. (106)  In the mid-nineties, over 21 clinical 

studies were reviewed, in which performance status was consistently the second (after stage of 

disease) or the first significant co-factor of a multivariate equation of survival. (2)  More recently, the 
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predictive validity of the two scales of performance status was compared. (69)   Five hundred thirty-

six consecutive lung cancer patients were assigned both KPS and ECOG PS scores before, during 

and after treatment (in all, 1656 assignments).  It was found that KPS and ECOG performance status 

assignments were strongly related to each other (Spearman R = -0.869). Both univariate and 

multivariate analyses of survival documented the predictive validity of the two scales. However, KPS 

showed less ability than ECOG PS to discriminate patients with different prognosis. It was concluded 

that ECOG PS should be preferred to KPS, but a consensus on the scale to use would be important 

to avoid problems of conversion, which is not always easy and free of errors. (69) 

Several studies have reported on the important role of symptoms of disease and quality of life (QL) 

scoring in predicting the survival of patients with lung carcinoma (Table 3). In this setting, a few specific 

components of QL (e.g., depressed mood) have been investigated more in depth (Table 3).   QL 

scores (EORTC QLQ-C30) and symptom scores were obtained in a group of 198 patients treated 

with radiotherapy. (107)  In a multivariate model of survival, global QL was the strongest prognostic 

factor, while performance status lost its significance. (107)  The relationship between survival and QL, 

as measured by two distinct questionnaires, was examined within another group of 206 patients with 

advanced NSCLC, treated in a randomized clinical trial conducted by the Cancer and Leukemia 

Group B (CALGB). Univariate analyses showed that several patient-reported EORTC subscales, 

overall QL, and physical functioning predicted significantly survival. (108) In another study of 128 

patients, (109) stage of disease, difficulty at work or doing the housework, weight loss, performance 

status, difficulty relaxing, having been felt unsure, and tumor cell type have been all found to be 

associated with prognosis.  QL variables correlated well with each other, but poorly with clinical and 
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demographic variables, explaining why QL variables maintained their significance in multivariate 

analyses. (109)  

In 133 patients with a newly diagnosed lung cancer, a depression index was calculated using the Self-

rating Depression Scale (SDS), while 19 other prognostically important variables were recorded and 

available for evaluation. (73) The survival of patients with a depressed SDS index was significantly 

shorter (p=0.048). Diverse SDS subscales were correlated with survival, in either univariate or 

multivariate analysis. A multivariate model of survival, constructed using only SDS data, had a global 

Chi-squared value of 29.78, and a p-value of 0.00023. (73) 

Body weight loss (WL) prior to the diagnosis has a clear and important impact on prognosis.  For 

example, 7 of 10 univariate tests and 6 of 12 multivariate analyses were counted significant in a review 

of the literature. (2)  A problem with WL arises from the various definitions currently in use. To 

address this issue, several different WL definitions were prospectively compared in 388 new 

consecutive lung cancer patients. (87)   In univariate analysis, all WL variables were prognostically 

significant. Among them, total WL (the percent difference between the weight at diagnosis and the last 

weight recorded while in good health, dichotomized by the median level of 11%) was the most 

significant factor (log-rank: 29.65, p=0.0000). The best Cox's model for survival prediction was 

constructed using all the available clinical information and included, in order of importance, the 

following three factors: stage of disease classification, performance status and total WL. (87) 

Gender has emerged as a discriminating factor in NSCLC outcome. The female sex appears to be a 

favorable, weak, and marginally independent prognostic determinant.   In 1994, the evidence of female 

sex being a protective factor in NSCLC was reviewed. (2)  Seven of 19 studies with univariate 

analysis, and 9 of 23 studies with multivariate analysis were significant. (2)  More recently, a gender-
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balanced sample of 152 cases was randomly selected for review from a tumor registry population of 

368 NSCLC patients. (85)  Study parameters were age, race, tobacco and alcohol history, gender, 

weight-loss pattern, histology, TNM stage, ECOG performance status, and therapy.  Overall, median 

survival after diagnosis was significantly shorter for men than for women with the disease (40 vs. 78 

weeks, p = 0.001). In multivariate analysis, the strongest independent predictors of NSCLC patient 

survival were stage of disease, initial weight-loss rate, and gender (all p < 0.0001). (85)  

Hematological, biochemical and instrumental factors  

Lactate dehydrogenase is certainly the strongest prognostic determinant of this group, whether 

considered alone or in combination with other prognostic factors (Table 3).   In ten NSCLC studies (in 

all, 9 positive univariate tests and 6 positive multivariate analyses), the enzyme was found significantly 

or highly significantly survival-related. (2)   A further effective and independent routine lab test is the 

determination of serum albumin concentration, which was significant in 8 of the12 studies reviewed 

(both in univariate and multivariate analysis).(2)   Equally important factors, but only when evaluated on 

their own, are the plasmatic level of hemoglobin (6 significant univariate tests out of 7) and the white 

blood cell (WBC) count  (4 significant univariate tests of 7). (2)  An additional study of 1,052 patients 

with advanced non-small-cell lung cancer, registered onto one of seven trials conducted by the 

European Lung Cancer Working Party, (91)analyzed WBC counts, along with other 21 variables.  In 

a first Cox regression model, the selected explanatory variables were disease extent, Karnofsky 

performance status, WBC and neutrophil counts, metastatic involvement of skin, serum calcium level, 

age, and sex; these results were confirmed then by application of recursive partitioning and 

amalgamation algorithms. (91)   
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In patients with NSCLC, thrombocytosis is well correlated with survival (Table 3).  In a specifically 

designed study, (100) the prevalence of thrombocytosis was analyzed in a large cohort of patients with 

primary lung cancer (1,115 consecutive patients). The overall prevalence of thrombocytosis (> 

400,000/mm3) in patients with lung cancer was 32%.  Platelet counts were significantly higher in 

advanced stage of disease (stage I and II: 23% vs stage III and IV: 37%; p < 0.0001). Patients with 

thrombocytosis had a significantly poorer survival than patients with normal platelet counts (p < 

0.0001). In a multivariate survival analysis (Cox model), thrombocytosis continued to correlate 

strongly with poor survival even when adjusted for histological type, sex, age, and TNM stage (p < 

0.001). Thrombocytosis was not associated with an increased incidence of thromboembolism. (100)  

An elevated plasma D-dimer level indicates activation of coagulation and fibrinolysis. Activation of the 

extrinsic coagulation system and the fibrinolytic cascade is frequent in cancer patients and is thought to 

be related with tumor growth, invasion and metastasis. (110) The largest evidence on the relationship 

between D-dimer and lung cancer prognosis arises from a study recently concluded and not yet 

published (93)  In this study, 826 untreated lung cancer patients, seen over a 10-year period (1992-

2001), were reviewed. For each patient, 31 variables were available for analysis.  D-dimer was 

capable to separate patients with different outcomes: for patients with abnormal plasmatic levels of D-

dimer, the median survival was 154 days (95% CI: 122-189), while for patients with normal levels it 

was 308 days (95% CI: 227-409, log-rank statistic: 26.56, p<0.01).  The difference was greater in 

patients with adenocarcinoma or in subjects presenting with a less advanced disease, especially in 

pathologically staged Ia patients.  The best multivariate survival model selected ten significant 

covariates, including D-dimer. (93)   
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Conclusions 

The best predictive models of today can predict no more than 50% of the natural variability of the 

disease, in spite of the sophisticated mathematical analyses and the dozens of variables assessed.  

Clearly, a universe of still unknown prognostic factors remains to be discovered.   In analogy with the 

measureless of the infinity, the fate of the individual patient will never be calculated mathematically.   

However, as the discovery of new prognostic factors goes on, the prediction of the outcome of 

patients becomes more reliable.   Recent researches have introduced new groups of prognostic factors 

(e.g., molecular genetic markers and the sub-clinical activation of coagulation-fibrinolysis); other 

intriguing factors might be recognized to be important in the near future (e.g., a state of mental 

depression); while some others (e.g., tumor neoangiogenesis and quality of life) are already supported 

by a large evidence.   A new small portion of the universe has been explored. 
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Table 2 
TUMOR-RELATED FACTORS 
 
Biological Factors 
Certain or nearly certain Probable or fairly probable Possible 

P53 tumor suppressor 
gene (10-16) 

K-ras gene mutation 
(10;14;17-19) 

c-erbB-1 gene or EGF-R 
overexpression (20) 

 DNA ploidy (19;21-23) c-erbB-2 or HER-2/neu 
gene amplification (24;25) 

  c-erbB-3 gene 
amplification (26) 

  bcl-2 gene amplification  
(27)  

  PCNA (28) 
  VEGF (29;30) 
  Ki-67 proliferation antigen 

(31) 
  s-IL2r (32) 
  Blood-group Antigen A 

expression (33;34) 
Histological, pathological and anatomical factors 
Certain or nearly certain Probable or fairly probable Possible 
Parameters of disease 
extent (2) 

Vessel density (30;35-39) Adenocarcinoma sub-
types (40) 

 Vessel invasion(38;41;42) Peri-tumor lymphoid 
infiltration (43) 

Serological factors ( standard tumor markers) 
Certain or nearly certain Probable or fairly probable Possible 

Cytokeratin markers (2;44-52)CEA  (2;44;53) SCC-Ag (54) 
 CA 125 (45;55;56) CA 242 (57) 
 NSE (47;58) CA 19-9 (59) 
 

Abbreviations: 

EGF-R: epidermal growth factor receptor; PCNA: proliferating cell nuclear antigen; VEGF: vascular 
endothelial growth factor; s-IL2r: soluble interleukin-2 receptors; CEA: carcinoembryonic antigen; SCC-
Ag: squamous cell carcinoma antigen; CA: cancer antigen; NSE: neuron specific enolase. 
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Table 3 
HOST-RELATED FACTORS 
 
Clinical, Psychological and Relational Factors 
Certain or nearly certain Probable or fairly probable Possibile 

Performance status (2;69) Depressed mood (70-73) Age (2;74) 
Symptoms & quality of life 
(75-84) 

Sex (2;85) Anthropometric measures 
(body mass) (86) 

Weight loss (2;87)  Race & socioeconomic 
status (88;89) 

  Marital status (81) 
Hematological, biochemical and instrumental factors 
Certain or nearly certain Probable or fairly probable Possible 

LDH (2) Hemoglobin blood content 
(2) (79) 

ERS (90) 

Albumin (2) Leukocyte count (2;91)  Total serum proteins (92) 
D-dimer (93-98) Platelet count (95;99;100) Cu, Zn serum content (101) 
  Other coagulation factors 

(95;97) 
  Ferritin (102) 
  Hypercalcemia (91) 
  PET- scanning (103-105) 
 

Abbreviations: 

LDH: lactate dehydrogenase; ERS: erythrocyte sedimentation rate; Cu: cupper; Zn: zinc; PET: positron 
emission tomography.  

 

 


