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Abstract
An ultimate goal of precision medicine in lung cancer treatment is to restore patient health with maximized
quality of life (QOL). Results from Mayo Clinic studies show that a significant improvement in fatigue, dys-
pnea, and pain scales could lead to better overall QOL. Although treatments and guidelines for clinical imple-
mentation to alleviate these key symptoms are available, few cancer patients receive adequate therapy,
mostly because of limitations in current care delivery systems and unclear clinicians’ roles. For optimal care
of lung cancer survivors in different subpopulations, three barriers must be overcome: physicians’ lack of
knowledge, unwarranted practice variation, and uncertainty regarding care provider roles. Appropriate cultur-
ally adapted, tested and validated tools for QOL measures must be developed, rather than directly translating
existing tools between different languages and across cultures or diverse subpopulations. Finally, lack of sen-
sitive, adequate, and relevant tools in measuring health-related QOL (HRQOL) has long been an issue for
effective data collection, demanding a global consensus on a set of core components that reflect the needs of
all critical parties for the best cure and care, supporting patients to achieve optimal HRQOL.
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Precision medicine is an emerging disease treatment and
prevention approach accounting for variability in genes,
environment, and lifestyle for individuals,1 aiming at
achieving optimal response and survival length. The
premise of precision medicine is the ability to classify indi-
viduals into subpopulations in which preventive or thera-
peutic interventions can be focused on those who will
benefit, sparing cost and adverse effects for those who will

not.2 Non-small cell lung cancer (NSCLC) therapy is one of
the best showcases in precision medicine, with a rapidly
increasing number of drugs directed against a growing
number of specific tumor targets, e.g., tyrosine kinase inhi-
bitors targeting epidermal growth factor receptor or ana-
plastic lymphoma kinase, even though the clinical benefit
is limited by virtually universal resistance in the end, and
repeatedly after subsequent generation target drug.3–5
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In parallel to the primary goal to cure the disease, an
ultimate goal of precision medicine is to restore patient
health with maximized quality of life (QOL). Six decades
ago the World Health Organization defined QOL as “the
state of complete physical, mental and social well-being
and not merely the absence of disease or infirmity.”6

Twenty years ago, the United States Center for Disease
Control and Prevention defined health-related quality of
life (HRQOL) as “an individual’s or group’s perceived phys-
ical and mental health over time.”7 HRQOL, focusing on
the impact of health status or disease and its treatment,
is a multidimensional concept including domains related
to subjective physical, mental, emotional, spiritual, and
social functioning.8–10 In lung cancer, however, attention
to HRQOL among survivors has only been given, gradually
and slowly, over the past two decades.11–13

Thirty years ago when developing effective antineo-
plastic therapies to save the lives of cancer patients, lung
cancer included, tolerability and adverse effects of
pharmacologic compounds were the primary concerns;
consequently, performance status surrounding the treat-
ment and drug-related toxicities within 6-24 months have
been the surrogate measures for QOL.14,15 An early suc-
cessful case was proactive treatment after brain metasta-
sis, i.e., brain tumor resection or whole brain radiation
therapy, and chemotherapy, showing significantly longer
survival and also improving patients’ QOL.16 Additionally,
palliative care, e.g., for pleural effusion and bone metasta-
sis, has been established to reduce suffering and improv-
ing quality of life.17–19 However, more often than not the
drug-safety monitoring, designed to prevent patients
from irreversible adverse effects in the long term, has
been overlooked in routine clinical practice.11,17

Knowledge and gaps in long-term lung
cancer survivors: Mayo Clinic experience
Despite having survived the original diagnosis and treat-
ment ordeals, lung cancer survivors do not return to func-
tioning and QOL levels comparable to pre-diagnosis, as
can be the case in age-matched adult survivors of other
cancers.12,20–22 Most lung cancer survivors experience
poorer physical function, more severe symptoms, and
more symptom-related distress than those with compar-
able stages of other cancers.23–33 Results from limited
studies on long-term (≥5 years post diagnosis) lung can-
cer (LTLC) survivors report that this group of survivors’
excessively low performance status persists regardless of
having active disease or treatment.34–37 Selected key find-
ings are discussed in more detail below.

Overall QOL predicting overall survival

Patients’ self-reported conditions have been known to
bear an impact on lung cancer outcome. A study of 2442
lung cancer patients validated the overall QOL score,
being a strong and independent prognostic factor (Fig. 1).
The association with overall survival was adjusted for
age, treatment, sex, disease stage, Eastern Cooperative

Oncology Group performance score, disease recurrence/
progression, having any other cancer, and time since
cancer diagnosis.38,39

Major disabling symptom burden

A longitudinal study assessed multiple QOL domains at
<3 years and >5 years post diagnosis, in which 35% of
LTLC survivors reported a clinically significant decline in
overall QOL, and > 50% indicated significantly worsening
fatigue and dyspnea.40 Among those with degraded over-
all QOL, most symptom-specific scales exceeded a 15%
decline (fatigue, dyspnea, pain, cough, and appetite).
Furthermore, the deficits often appeared concurrently in
symptom clusters41,42; and patients with fatigue, dys-
pnea, and pain had a significantly higher death rate than
patients free of these symptoms.43,44

Type of lung surgery and pulmonary comorbidity

Choice of surgical resection of operable lung cancer is
made bearing in mind both curative goal and minimal
normal tissue damage or loss. Comparing the clinical out-
comes and changes in pulmonary function after segmen-
tectomy versus lobectomy for NSCLC did not reveal any
significant differences45; neither were any significant dif-
ferences seen on morbidity, overall survival, or disease-
free survival, and overall QOL between patients treated
with bilobectomy and lobectomy.46 When chest wall
resection is inevitable, overall QOL and pulmonary func-
tion of patients who underwent pulmonary resection with
chest wall removal were comparable to those of patients
who underwent pulmonary resection without chest wall
invasion.47 Moreover, when early-stage lung cancer is
complicated with emphysema, a regional emphysema
score, derived from the emphysematous region (mild,
moderate, or severe), is predictive of post-treatment QOL
related to dyspnea and changes in lung function.48

Pharmacological therapy and adverse events

A research team studied 950 primary lung cancer patients,
who received platinum or platinum-combination drug
chemotherapy, and found that 279 (29.4%) developed
chemotherapy-induced peripheral neuropathy; these find-
ings provide strong evidence that taxane, not platinum
drugs was the culprit.49 However, another study found
that platinum-based chemotherapy may lead to loss of
menses in premenopausal women who survived lung can-
cer, with the potential to result in infertility and early
menopause.50

Emotional and spiritual functioning

Researchers examined how emotional problems relate to
QOL and symptom burden in > 2200 lung cancer survi-
vors, reporting that emotional problems were associated
with younger age, female gender, current cigarette smok-
ing, current employment, advanced lung cancer disease,
surgical or chemotherapy treatment, and a lower
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performance score.51,52 Strong associations were found
between greater severity of emotional problems, lower
QOL, and greater symptom burden51; besides, a pessimis-
tic explanatory style is prognostic for poor survival.52

They also analyzed the spiritual well-being data, finding
the mean scores to be stable over time and strongly
associated with overall QOL, as well as having a potential
relationship to physical activity level.53,54

Cigarette smoking

In a study of the relationship between cigarette smoking
and QOL after lung cancer diagnosis among > 1500 lung
cancer survivors,55,56 30% of current smokers at diagnosis
continued to smoke at the time of follow-up assessment
(i.e. persistent smokers). Seven QOL scales (appetite,
fatigue, cough, shortness of breath, lung cancer symp-
toms, illness affecting normal activities, and overall QOL)
were clinically and statistically better in never, than in
persistent, smokers. Furthermore, continued cigarette
smoking after small cell lung cancer diagnosis decreased
QOL profile and survival.57,58 Offering strategies of smok-
ing cessation to continuing smokers and maintaining
tobacco abstinence in former smokers call for action.

Alcohol drinking and anorexia

Poor appetite and any weight loss are predictors of poor
outcomes in advanced lung cancer; non-cancer literature
suggests that drinking alcohol can increase appetite and
weight. In > 400 consecutive survivors, we found 49%
non-users of alcohol, 14% “moderate” users (<7 drinks/
week), and 12% “heavier” (≥7 drinks/week) users, mea-
sured within 6 months of diagnosis. Heavier users had a
lower likelihood of anorexia and weight loss compared to
those who consumed no alcohol, but neither moderate
nor heavier consumption was associated with better or
worse survival. These results suggest a need for further
study of the possible benefits versus harms of using alco-
hol as a palliative agent for cancer-associated loss of
appetite and weight.59,60

Physical activity exercise

A study examined motivational readiness for physical
activity (stage of change for physical activity level) and
QOL in 272 LTLC survivors, and 37% of respondents
reported that they currently engaged in regular physical
activity (a total of ≥30 min/day, at least 5 days/week).
Those who were engaging in regular physical activity
reported a better overall QOL, better QOL on all five func-
tioning domains (mental, physical, social, emotional,
and spiritual), and fewer symptoms compared to those
with a sedentary lifestyle.61 A follow-up study examined
1937 survivors and confirmed these results. Decreased
physical activity was associated with decreased overall,
mental, physical, emotional, social, and spiritual QOL,
and decreased symptom control for pain, coughing, dys-
pnea, and fatigue. In contrast, increased physical activity
was associated with improved QOL and improved symp-
tom control (e.g. bodily pain).62

Summary: lessons learned from the past
and moving forward to the future
Long-term NSCLC survivors (those > 5 years from their
diagnosis) are underrepresented in survivorship research
efforts, because the historic long-term survival rate in this
disease is low and QOL research has typically focused on
patients with advanced disease.11,17,63 The lack of long-
term therapeutic response data ( > 5 years) remains an
unsolved dilemma.9,13 Results from Mayo Clinic studies
show that the two most significant debilitating symptoms
that diminish both overall quality and quantity of life of
lung cancer survivors are fatigue and dyspnea.40–42 It is
clear that improvement in key symptoms could lead to
better overall QOL; specifically, a significant improvement
in fatigue, dyspnea, and pain scales.23,40 Although treat-
ments and guidelines for clinical implementation to alle-
viate fatigue, dyspnea, and pain are available, few cancer
patients receive adequate therapy for these symptoms.64

The major reasons are limitations in current care delivery
systems and unclear clinicians’ roles.65

The United States National Cancer Institute’s
Survivorship Research Office conducted the National
Survey of Physician Attitudes Regarding the Care of
Cancer Survivors, which identified the following three
barriers to optimal care of cancer survivors: physi-
cians’ lack of knowledge, unwarranted practice vari-
ation, and uncertainty regarding care provider roles.65

Appropriate culturally adapted, tested and validated
tools are required for QOL measures, rather than directly
translating existing tools between different languages
and across cultures or diverse subpopulations.56,66 Finally,
lack of sensitive, adequate, and relevant tools in measur-
ing HRQOL has long been an issue in effective data collec-
tion, demanding a global consensus on a set of core
components that reflect the needs of all critical parties for
the best cure and care, supporting patients to achieve
optimal HRQOL.67

Figure 1. Survival curves by quality-of-life (QOL) assessment
adjusted for known prognostic factors.38
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