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Abstract
Primary lung cancer is very heterogeneous in its clinical presentation, histopathology, and
treatment response; and like other diseases, the prognosis consists of two essential facets: survival
and quality of life (QOL). Lung cancer survival is mostly determined by disease stage and
treatment modality, and the five-year survival rate has been in a plateau of 15% for three decades.
QOL is focused on life aspects that are affected by health conditions and medical interventions;
the balance of physical functioning and suffering from treatment side effects has long been a
concern of care providers as well as patients. Obviously needed are easily-measurable biologic
markers to stratify patients prior to treatment for optimal results in survival and QOL and to
monitor treatment responses and toxicities. Targeted therapies towards the mechanisms of tumor
development, growth, and metastasis are promising and actively translated into clinical practice.
Long-term lung cancer (LTLC) survivors are people who are alive five years after the diagnosis.
Knowledge about the health and QOL in LTLC survivors is limited because outcome research in
lung cancer has been focused mainly on short-term survival. The independent or combined effects
of lung cancer treatment, aging, smoking and drinking, comorbid conditions, and psychosocial
factors likely cause late effects including organ malfunction, chronic fatigue, pain, or premature
death among lung cancer survivors. New knowledge to be gained should help lung cancer
survivors, their healthcare providers, and their caregivers by providing evidence for establishing
clinical recommendations to enhance their long-term survival and health-related QOL.
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2. Introduction
Lung cancer survivorship has two critical attributes: survival time or quantity and quality of
life (QOL). The unparallel perception regarding the importance of QOL vs. survival after a
lung cancer diagnosis was not appreciated by the medical research community until recently,
mainly due to the leading battle to prolong patients’ lives and the devastating demand to find
a cure. After decades of efforts focusing on reducing lung cancer incidence and mortality,
we are now challenged by the lack of understanding of the health conditions and QOL
among people who survived lung cancer. In this chapter, current yet limited knowledge is
summarized in three major areas with varying levels of details that are available in the
published literature: clinical epidemiology, genomic application towards patient-specific
care, and psychosocial-behavioral characteristics of lung cancer survivors.
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3. Clinical Epidemiology of Lung Cancer Survival
3.1. An Overview

Primary lung cancer is very heterogeneous in its clinical presentation, histopathology, and
treatment response. Conventionally, lung cancer has been divided into NSCLC and SCLC.
For both groups, cancer stage is the most significant predictor of survival,1, 2 as illustrated in
Figure 1. Five-year survival rates were comparable between two large clinical patient data
resources that were from different institutions at different time frames: one from MD
Anderson Cancer Center (diagnosed 1975-1988) and one from Mayo Clinic (diagnosed
1997-2002), indicating little improvement in NSCLC survival in the last 30 years. In SCLC,
the five-year survival rate ranges from approximately 25% for limited disease to 1% - 5%
for extensive disease.2-4

Treatment modality, mostly dictated by lung cancer stage and patient’s performance status,
directly determines disease survival. For NSCLC, surgical resection is the standard
treatment for stage I-II disease; patients with IB or II disease are now being offered adjuvant
chemotherapy.5 Some patients with a stage IIIA tumor are operable but often receive pre- or
post-operative radiation and/or chemotherapy. For locally advanced, inoperable stage IIIA
tumors, radiation with chemotherapy remains the standard of care; for selected patients with
IIIB (with pleural effusion) or IV disease, chemotherapy remains the standard treatment in
conjunction with supportive care. In SCLC, the majority of the patients with limited disease
are treated with single-agent or combination chemotherapy with radiation therapy, and
prophylactic cranial irradiation (for complete responders) is commonly used. In both
NSCLC and SCLC, systemic dissemination can occur as solitary metastasis, oligometastasis,
and multiple metastases. Solitary metastasis constitutes the majority of long-term survivors
in advanced-stage lung cancer.6

At present, for any given chemo- or radiotherapy regimen, which is prescribed by the
standard protocol with a fixed dosage, the response rate and toxicity range varies widely
among patients. The disease-free survival time, even after adjusting for the well-established
predictors, i.e., disease stage, histology, performance status, and treatment, varies
significantly. Obviously needed are easily-measurable biologic markers to stratify patients
prior to treatment for optimal results in survival and QOL and to monitor treatment
responses and toxicities.

3.2. Lung Cancer Progression and Subsequent Cancers
Despite the generally-accepted diagnostic criteria, differentiation between lung cancer
recurrence in the lung and occurrence of a new primary lung cancer is often difficult,
especially when the subsequent tumor arises after more than two years from the initial
diagnosis with the same tumor histology. 7, 8 Molecular biologic methods have not yet been
proven to be a reliable tool to meet this challenge. Recognizing this uncertainty in
differential diagnosis, the published literature suggests that a majority of NSCLC
recurrences occur within two years after surgery and late recurrence may occur up to 10
years.9 Recurrent disease has been reported in 4% - 5% of five-year NSCLC survivors;9-12

up to 10% of recurrences may be discovered beyond five years following initial curative
therapy.13 Two cohort studies of disease-free five-year survivors of NSCLC have reported a
subsequent recurrence rate of 2% - 3% per patient-year.10, 14 Clinical management and
outcome of recurrent lung cancer have been reported, demonstrating benefit of various
treatments over no treatment.15, 16 Molecular characteristics or risk behaviors associated
with late recurrent tumors have not been well described.
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3.3. Additional Lung Cancer Prognostic Predictors
More and more factors emerged as independent lung cancer survival predictors in the recent
decade. The importance of pathologic markers such as tumor size, cell type, lymphatic and
blood vessel invasion, rate of proliferation and ploidy, and extent of tumor necrosis is
apparent but inconsistent. Following is a highlight on the current knowledge of selected
survival predictors beyond disease stage, treatment, and patient gender.17

Tumor Cell Differentiation—In a study of 5,018 hospital-based patients and 712
population-based patients, tumor grade was found to be significantly associated with
survival after adjusting for the effects of age, gender, smoking history, tumor stage,
histological cell type, and treatment modality. Patients with poorly/undifferentiated
carcinoma had a 70% elevated risk of death compared to those with well differentiated
carcinoma. A 40% elevated risk was observed for patients with moderately differentiated
carcinoma.18

Smoking Cessation—In a study of 5,229 patients with NSCLC and SCLC, the median
survival time among never, former, and current smokers with NSCLC was 1.4 years, 1.3
years, and 1.1 years, respectively (P < 0.01). Female NSCLC patients had a significantly
lower risk of mortality with a longer duration of smoking abstinence. Specifically, the
relative risk per 10 years of smoking abstinence is 0.85, supporting a direct biologic effect of
smoking on survival.19

Dietary Supplements—In the general population, approximately 40% of people take
vitamin/mineral supplements regularly; whereas, nearly 80% of cancer patients do so. Both
clinical and laboratory data have shown that certain micronutrients effect the growth of
malignant cells, i.e., vitamins and minerals may be modulators of tumor growth. In a study
of more than 1,300 lung cancer patients, the use of vitamin/mineral supplements was found
to be associated with improved survival among both NSCLC and SCLC patients.20, 21

Reduction in the death rate was 26% for NSCLC patients and 37% for SCLC patients,
respectively.

4. Genomic and Biologic Markers: Advances and Applications in Lung
Cancer Prognosis

Since the completion of the sequence of the whole human genome, the genomic approach in
cancer research is playing a significant role in identifying diagnostic, prognostic, and
therapeutic molecular markers. During the past two decades, there have been over 1,000
studies on biological markers including biochemical, histologic, and molecular, in hopes of
identifying clinically useful prognostic markers and to assist in patient management.22

However, little scientific conclusion can be drawn because most of these studies are limited
to small numbers or selected subgroups of patients, diverse methodology and type of
specimens used, variable histogolic subtype, short and/or incomplete follow-up, univariate
analysis, and various endpoints. The majority of the investigators have only looked at
overall survival, mostly up to five years, with rare emphasis on disease-free survival, relapse
rate, relationship to treatment responses, or long-term outcomes. In addition, there are only a
few tumor target markers and virtually no host-specific predictive measures to base an
optimal choice of the type, dosage, intensity, and combinations of the available drug(s).

4.1. Tumor Molecular Markers
Gene Expression Profiling: DNA Microarray Technology—DNA microarray
performs simultaneous interrogation of thousands of genes, which offers a unique
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opportunity to measure a tumor from multiple angles, which generally provides a more
accurate measurement about biological behaviors than any single cellular or molecular
parameter. As a high-throughput tool at the molecular level, DNA microarray has clear
advantages over traditional histologic examinations and has been widely used in cancer
research to better predict clinical outcomes and potentially improve patient management.
The molecular measurement is more objective and often detects the difference that routine
pathology fails to detect. More importantly, the DNA microarray provides a closer look at
gene activities in tumors and creates an opportunity to find therapeutic targets. Studies show
that this new approach provides accurate tumor sub-classification and outcome predictions
such as tumor stage, metastatic status, patient survival, and offers some hope for
individualized medicine.23 However, growing evidence suggests that gene-based prediction
is not stable and little is known about the prediction power of the gene expression profile
compared to well-known clinical and pathologic predictors. Overall, most studies lack an
independent validation. When conventional predictors of age, gender, stage, cell type, and
histologic grade are considered collectively, the predictive advantage of the gene expression
profile diminishes. As shown in Figure 2, the gene panel derived from the DNA microarray
achieved very good prediction for patient survival but did not outperform the prediction by
the combination of five conventional variables (age, gender, stage, cell type, and tumor
grade). This suggests that most prediction from the gene panel is reflected by tumor
pathology information; thus, the enhanced predictive accuracy from the gene panel is limited
at this point.

Protein Expression Profiling: Mass Spectrometry—Only in the recent five years,
technology in matrix-assisted laser desorption-ionization time-of-flight mass spectrometry
(MALDI-TOF MS) made it possible to profile proteins in tissues. An obvious advantage
over RNA expression profiling is that deciphering protein expression patterns would be
closer to revealing the biological function of cells, and then to determining the pathologic
mechanisms of disease development and progression. Meanwhile, greater challenges have
been encountered in analyzing and interpreting protein profiling due to the immense
throughput of data and ultra-sensitivity of signal detection. Pioneer researchers in applying
protein profiling to predict lung cancer prognosis have reported a 15-protein peak-pattern 24

and a 25-signal proteomic signature25 that can distinguish lung cancer patients with poor vs.
good outcome.

Genomic or proteomic signatures selected for predicting lung cancer recurrence and survival
hold high hope to be used in clinical practice, particularly for those that have been
vigorously validated in independent data sets. Like a clinical trial for a novel agent or a new
treatment regimen before moving into the clinic, these markers need to be evaluated for their
efficacy demonstrating better than currently available predictors and ease of use. Clearly, a
gene signature or panel that does not provide improved prediction independent from well-
known predictors will less likely be adopted clinically.

4.2. Development of Targeted Therapy
Tumor Marker Targeted Therapy—An ultimate goal of searching for DNA marker
panels, molecular pathway signatures, or genomic patterns is to discover biological targets
for therapeutics. Many drugs that target molecular markers have been evaluated in
randomized controlled trials, but most of them failed to produce positive results.26 One of
the important findings in cancer chemotherapy is the identification of somatic mutations in
the tyrosine kinase domain of the epidermal growth factor receptor (EGFR) in NSCLC and a
correlation with response to EGFR inhibitors.27-29 EGFR gene amplification is more
prevalent in Western populations; whereas, the amplification of the closely related HER2
gene, which could also have implications for the treatment of NSCLC, is more frequent in
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East Asian patients. Ethnicity may indicate different genetic backgrounds in common
tumors that may influence clinical outcome and response to therapy.30 Another important
molecular marker for targeted therapy is the vascular endothelial growth factor (VEGF),
which participates in the regulation of new vessel growth and promotion of immature
vasculature survival.31 Drugs that inhibit the VEGF have been developed and tested
successfully in randomized controlled trials, with the caveat of severe side effects including
thrombocytopenia, hypertension, and neutropenia.32 The combined use of targeted therapy
and chemotherapy is very promising in both improved treatment response and reduced
toxicity.33

Immunotherapy—The fundamental basis of immunotherapy is that the immune system
can distinguish cancerous cells from normal cells, and the immune machinery can be
utilized to destroy cancer cells. Three strategies have been taken:34 The first is non-specific
cellular immunotherapy, such as lymphokine-activated killer cells and interlukin-2 in
treating renal cell carcinoma. The second is specific cellular immunotherapy that relies on
but not limited to tumor antigen specific cytolytic lymphocytes and tumor infiltrating
lymphocytes. The third strategy is therapeutic vaccination that incorporates tumor antigens
with an adjuvant therapy for the recognition by the immune system. NSCLC has been not
been considered as an immunogenic cancer and presently there is no standard
immunotherapy in clinical practice, although optimism prevails on the progress of
evaluating novel immuno-therapeutics.35

Gene Therapy—Improved molecular technology has made gene therapy an emerging and
promising strategy for cancer treatment. Three experimental approaches have been used:
immunotherapy that applies genetically modified cells and viral particles to stimulate the
immune system to kill cancer cells; oncolytic virotherapy that causes cell death by
replicating viral particles within cancer cells; and gene transfer that causes cell death or low
growth by introducing new gene(s) to cancer cells or surrounding tissue.36 The promise of
gene therapy is the identification of critical regulatory sequences that can selectively activate
or inactivate the therapeutic genes in cancer cells; however, a major challenge is the
development of the delivery of vector constructs that can reach the target effectively.

4.3. Host Genetic Predisposition in Treatment Response and Toxicity
Inherent and acquired drug resistance is a cause of chemotherapy failure, and
pharmacogenomic studies have begun defining multiple gene variations responsible for
varied drug metabolisms. Platinum-based drugs are the most commonly used in lung cancer
treatment, and a major obstacle for the clinical use of platinum drugs is the development of
tumor resistance. Maintaining an effective antineoplastic level of the platinum drug in the
sera and tumor for a prolonged period could potentially eliminate acquired resistance;
however, such an approach increases the risk for toxicity and drug side effects. Cisplatin-
induced ototoxicity, for example, is a result of drug-induced neuron and hair cell destruction
and a major dose-limiting adverse drug response (ADR).37 Other platinum drug related
ADRs range from alopecia, neurotoxicity, myelotoxicity, to nephrotoxicity.38, 39 On the
other hand, emerging evidence suggests that mild to moderate levels of specific ADRs may
be a direct gauge for accurate dosing.40 An analysis of three randomized clinical trials39

showed a significant survival benefit for NSCLC patients who had mild or severe
chemotherapy-induced neutropenia compared with those who did not. Other studies have
shown a similar relation between ADRs and treatment outcomes for various cancers, such as
colorectal, breast, testicular, and ovarian.41-44 The identification of patients most likely to
benefit from chemotherapy through the incorporation of genomic information into treatment
decisions may be a critical step in overcoming the barriers caused by ADRs.45, 46
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The glutathione metabolic pathway is directly involved in the detoxification or inactivation
of platinum compounds; and available evidence supports the role of the glutathione pathway
in acquired and inherited drug resistance through rapid drug detoxification or through drug
activation bypassing, which adversely impacts the treatment outcome of lung cancer.47

DNA repair is another critical mechanism of resistance to platinum-based chemotherapy. It
is hypothesized that reduced DNA repair in tumor cells has a higher sensitivity to treatment
and therefore has a better response and outcome after radio- and/or chemotherapy; whereas,
increased repair capability causes tumor resistance and worse response.48 Clinical studies
show that over-expression of excision repair cross-complementation group 1 (ERCC1)
correlates with poor survival for gemcitabine/cisplatin-treated NSCLC patients, and the
polymorphisms of ERCC1 or excision repair cross-complementation group 2 (ERCC2) are
significantly associated with survival times for patients treated with platinum-based
chemotherapy.49-52

Ionizing radiation is also a commonly used treatment modality for late stage lung cancer and
acts on DNA, causing double strand and single strand breaks and base lesions, particularly
double stand DNA breaks.53 The damages are repaired by at least two distinct pathways:
Homologous recombination (HR) and nonhomologous end-joining (NHEJ). HR requires an
undamaged template molecule that contains a homologous DNA sequence, generally from
its sister chromatid; RAD51 and RAD52 proteins are involved in this pathway. For NHEJ,
no undamaged partner DNA homologs are needed for rejoining of DNA breaks; RAD50 and
DNA-dependent protein kinase may participate in the NHEJ repair process.54, 55 Genetic
defects in HR or NHEJ can cause impaired DNA replication and enhanced radiation
sensitivity.54

A key question is whether biological functions and mechanisms can be a clinically
measurable determinant of a cancer patient’s response to chemotherapy and survival.
Specifically, although evidence from laboratory studies supports a significant role for the
glutathione system and DNA repair pathway in antitumor drug metabolism and resistance,
the exploration of their clinical relevance and implications in cancer patients continues to
evolve. Regulation of the glutathione metabolic and transport systems has been one of the
targets for optimizing efficacy as well as minimizing toxicities of many chemotherapeutic
agents.56-60 The premise for the clinical application of genomic polymorphic markers is
most profound in identifying likely responsive patients and differentiating patients, for
example, who could be sensitized with a glutathione and/or DNA repair modulator from
those who should not be given the drug due to the predicted occurrence of severe side
effects. Successful translation and application of these genetic polymorphic markers to
treatment modulators or response predictors is an essential step toward individualized drug
therapy.

5. Quality of Life: Psychosocial-Behavioral Characteristics among Lung
Cancer Survivors

QOL is a subjective, dynamic, multi-dimensional measure encompassing all aspects that
impact an individual’s life,61-63 and is often exchangeable with the term health-related QOL
(HRQOL). Although there is no consensus on the definition, QOL or HRQOL is more
focused on life aspects that are affected by health conditions and medical interventions.
Commonly used QOL instruments are well organized and summarized by Li et al:63 from
general tools such as the World Health Organization Quality of Life Assessment
(WHOQOL)62 and Medical Outcome Study 36-Item Short-Form Health Survey (SF 36),64,
65 to cancer-specific measures such as the European Organization of Research and
Treatment of Cancer (EORTC) QLQ C-30,66 and to lung cancer-specific scales such as the
Functional Assessment of Cancer Therapy – Lung (FACT-L) version 3,67 and Lung Cancer
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Symptom Scale (LCSS).68 A comprehensive review of QOL in lung cancer patients
evaluated 50 instruments and identified the best tool to be the EORTC Quality of Life Lung
Cancer Questionnaire (EORTC-LC13) in conjunction with the core cancer questionnaire
(QLQ-C30).69 LCSS and FACT-L are two additional instruments with good reliability and
validity.

5.1. QOL Surrounding Lung Cancer Treatment
The balance of physical functioning and suffering from treatment side effects has long been
a concern of patient care providers. Until two decades ago in the mid-1980s, supportive care
plus combination chemotherapy (cisplatin and vinblastine) was not considered superior over
supportive care only (palliative radiation, psychosocial support, analgesics, and nutritional
support) for metastatic non-small cell lung cancer because of the non-significant survival
benefit with serious toxicity.70 Ten years later, in a multi-center randomized phase III trial,
for both QOL and survival, supportive care plus a different combination chemotherapy
(carboplatin and etoposide) were shown superior to supportive care only.71 On the other
hand, patients also have clear preference in value potential survival benefit and
chemotherapy-induced toxicity.72 Among 81 patients previously treated with platinum drugs
for stage III/IV NSCLC, over 50% of them would not choose chemotherapy for an estimated
additional three-months of survival. Some patients would not choose chemotherapy to avoid
any interference with their QOL even for an estimated 24-month additional survival period;
whereas, others would take chemotherapy regardless of how long they would have to live as
not to miss any opportunity to be cured. Lung cancer patients care about more than just
survival and the majority of them would choose treatment that improves cancer symptoms.

Because surgical resection remains the treatment of choice for early-stage NSCLC,
prospective evaluation and preservation of long-term QOL after the surgery is imperative.
Before the resection, patients already have lower QOL, mainly in physical and emotional
functioning; their QOL was further impaired after the resection, particularly in three to six
months post operation.63 More specifically, pulmonary resection is known to cause
postthoracotomy pain syndrome, commonly seen in approximately 50% of patients after
thoracotomy. This chronic condition has been reported to last for more than four to five
years in approximately 30% of patients,73 with no data beyond five years after surgery.
Another study of 224 patients pathologically diagnosed with NSCLC reports a strong effect
of psychosocial factors on mortality one year post diagnosis. These factors include high
need for sympathy and devotion, reserved personality, and either very low or very high ego
strength.74 Other known predictors in the study were disease stage, tumor cell type, and co-
morbid condition on sex; disease stage was the only significant one.

Compared to NSCLC, SCLC is a fast growing tumor and in general is considered as a
systemic disease. For numerous clinical trials of chemo-radiation therapy combinations,
QOL has been measured, at the best, as secondary endpoints. In one of such phase III
randomized trial of over 500 patients, the trial arm (TEC) and the control arm (VEC)
showed comparable overall QOL, function, and symptom scores.75

A key domain of QOL is symptoms. Lung cancer patients experience high symptom burden
and distress, even among high functioning patients.76 Fatigue, pain, dysnea, anorexia, and
cachexia are the most common symptoms and can be caused by lung cancer as side effects
of treatment. In addition, many patients experience emotional and psychosocial distress
associated with their cancer diagnosis or non-response to therapy. Therefore, symptom
control should be an important component of comprehensive and effective therapy.
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5.2. Long-term Lung Cancer Survivors
People who are alive five years after a diagnosis of primary lung cancer are referred to as
long-term lung cancer (LTLC) survivors.77 Although the chance is only 15%, over 25,000
individuals become LTLC survivors every year in the United States.78 Aging of the general
population and advancements in early detection and treatment79, 80 will further increase the
LTLC survivors in the population. Sometimes in the past, over a 30-month survival after a
SCLC diagnosis was regarded as LTLC survivors.81 The majority of these LTLC survivors
have undergone invasive treatment such as lung resection, radiation therapy, and/or
chemotherapy; comorbidity burden in these survivors is especially high when compared to
survivors of other cancer sites.82 Recurrent disease may occur in a sub-group of LTLC
survivors up to over 10 years after diagnosis,10 and the survivors are extremely vulnerable
(10-fold higher risk than other adult smokers) to developing new aerodigestive tract tumors,
83 especially subsequent primary lung cancer (SPLC) and other smoking-related cancers.
The Lung Cancer Study Group reported that the incidence of SPLC increased 2-fold after
five years compared to the preceding five years after surgery. The cumulative risk of
developing SPLC or other smoking-related cancers reaches 13%-20% at 6-8 years.84 Chest
radiotherapy and continued smoking were found to significantly increase the risk of SPLC in
these patients.85 Late effects of radiation and/or chemotherapy among LTLC survivors have
not been defined.

Pulmonary Function Status—Two studies reported the impact of pulmonary function
of LTLC survivors. The first study was based on 140 survivors with the observed average
FEV1% predicted being 68% (SD, 23), one-fifth being under 50% predicted FEV1, and 36%
with moderate to severe obstructive and/or restrictive ventilatory disorders.86 The second
was a 15-year follow-up on the pulmonary status of 152 SCLC patients who had been
treated with chest irradiation and chemotherapy that evaluated the time trend of symptoms,
signs, and functions.87 Minimal changes have been found from 5-15 years after treatment.

Tobacco and Alcohol Use—Many smokers continue to smoke even after a diagnosis of
lung cancer and even after receiving chemotherapy, radiation therapy, or surgery. Thirty
percent to 60% of smokers will continue to smoke after their cancer diagnosis.88 In a study
of 317 smokers diagnosed with stage I NSCLC, a two-month tobacco abstinence rate of 53%
and a 24-month tobacco abstinence rate of 47% were observed.89 In a pilot study of 148
LTLC survivors, 19% were smoking at the time of diagnosis but only 5% were still smoking
five years after diagnosis.90

Alcohol use was evaluated among lung cancer survivors in a cohort of 142 LTLC survivors.
91 At lung cancer diagnosis, 69% consumed alcohol and then 16% reported changes in their
alcohol use after diagnosis (either stopped or decreased their amount of alcohol intake).
When compared to non-drinkers, an odds ratio of 9.0 showed that drinkers perceived
themselves as having poorer health.

Self-assessed Quality of Life—In a cross-sectional survey of LTLC survivors, fatigue
and anxiety were reported as major problems and their physical functioning scores were
worse than other cancer survivors.92 The authors pointed out the importance of the QOL
assessment and the pitfalls of assuming QOL findings in the absence of clinical data.
Changes in QOL over time have been evaluated among 164 LTLC survivors in a pilot study;
34% of these survivors experienced a significant decline in their overall QOL at the five-
year follow-up compared to their under three-year follow-up.93
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6. Summary and Perspectives: Knowledge Gap and Research in Need
Outcome research in lung cancer has been focused mainly on short-term survival; there is a
shortage of knowledge about the health and quality of life in LTLC survivors at present.
Only occasionally in the past, systematic evaluation of survival predictors and QOL
attributes were simultaneously conducted in the same study. One such study was carried out
in 102 patients with inoperable NSCLC, in which disease symptoms and psychosocial well-
being were the best predictors for survival.94 According to the limited information in the
literature, the QOL of long-term survivors of lung cancer showed substantial deficits relative
to other patient populations, indicating a need for targeted interventions.93 QOL has been
suggested and should be considered to constitute a prognostic factor for lung cancer
survival.

The independent or combined effects of lung cancer treatment, aging, smoking and drinking,
comorbid conditions, and psychosocial factors likely cause late effects including organ
malfunction, chronic fatigue, pain, or premature death among LTLC survivors.95 In the
mid-1990’s, multi-dimensional models were proposed based on a conceptual framework of
Wilson and Cleary96 to capture the most important QOL predictors.77 This framework
encompasses the following five dimensions and domains, as illustrated in Figure 3: host-
related factors (e.g., demographic and genomic), tumor-related factors (e.g., histology and
markers of cell proliferation and apoptosis), disease- and treatment-related factors (e.g.,
adverse effects, symptoms, and disease recurrence), health-related behaviors (e.g., smoking
status and physical activity level), co-morbid conditions, and psychosocial facets (e.g.,
emotional balance and spiritual well-being). With the advanced technology in genome era,
more and more research initiatives are multi-disciplinary overarching basic, clinical,
population, and behavioral sciences in achieving the goal of patient-specific medical care.
New knowledge gained from these studies could help lung cancer survivors, their healthcare
providers, and their caregivers by providing evidence for establishing clinical
recommendations to enhance their long-term survival and health-related QOL.
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Figure 1. Five-year Survival Rates and 99% Confidence Intervals of Mayo Clinic NSCLC
Patients Compared to MD Anderson Cancer Center’s Patients a
a Open bars are average survival rates for each disease stage based on Mountain’s series of
MD Anderson Cancer Center;1 circles with lines are estimated survival rates and 99%
confidence intervals of Mayo Clinic’s series.2
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Figure 2. a23 Survival Curve Predicted by Gene Risk Index (50 genes) and Conventional
Variables (stage, age, gender, cell type and grade)
a. Adapted from Sun and Yang, 2006, CEPB
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Figure 3. An integrated View: Lung Cancer Outcome Research a
a Adapted from Sugimura & Yang, 2005, CHEST
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