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Background: This guideline is intended to provide an evidence-based approach to the initial eval-
uation of patients with known or suspected lung cancer. It also includes an assessment of the
impact of timeliness of care and multidisciplinary teams on outcome.
Methods: The applicable current medical literature was identified by a computerized search and
evaluated using standardized methods. Recommendations were framed using the approach
described by the Guidelines Oversight Committee of the American College of Chest Physicians.
Data sources included MEDLINE and the Cochrane Database of Systematic Reviews.
Results: Initial evaluation should include a thorough history and physical examination; CT imaging;
pulmonary function tests; and hemoglobin, electrolyte, liver function, and calcium levels. Addi-
tional testing for distant metastases and paraneoplastic syndromes should be determined on the
basis of these results. Paraneoplastic syndromes may have an adverse impact on cancer treatment,
so they should be controlled rapidly with the goal of proceeding with definitive cancer treatment
in a timely manner. Although the relationship between timeliness of care and survival is difficult
to quantify, efforts to deliver timely care are reasonable and should be balanced with the need to
attend to other dimensions of health-care quality (eg, safety, effectiveness, efficiency, equality,
consistency with patient values and preferences). Quality care will require multiple disciplines.
Although it is difficult to assess the impact, we suggest that a multidisciplinary team approach to
care be used, particularly for patients requiring multimodality therapy.
Conclusions: The initial evaluation of patients with lung cancer should include a thorough his-
tory and physical examination, pulmonary function tests, CT imaging, basic laboratory tests, and
selective testing for distant metastases and paraneoplastic syndromes.
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Abbreviations: 5-HIAA = 5-hydroxyindoleacetic acid; ACCP = American College of Chest Physicians; ACTH = adre-
nocorticotropin; ADH = antidiuretic hormone; CS = Cushing syndrome; iPTH = intact parathyroid hormone; IVIg =
IV immunoglobulin; LEMS = Lambert-Eaton myasthenic syndrome; NET = neuroendocrine tumor; NLST = National
Lung Screening Trial; NSCLC = non-small cell lung cancer; PNS = paraneoplastic neurologic syndrome; PTHrP = para-
thyroid hormone-related protein; SCLC = small cell lung cancer; STADH = syndromes of inappropriate antidiuretic
hormone; VGCC = voltage-gated calcium channel

Remark: Interventions to improve timeliness should
be developed locally by addressing barriers to pro-

viding timely care that are specific to the local setting.

SUMMARY OF RECOMMENDATIONS

4.4.1. For patients with known or suspected

lung cancer, we suggest that the delivery of care Remark: Efforts to improve timeliness should be bal-
be timely and efficient (Grade 2C). anced with the need to attend to other dimensions of
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health-care quality (such as safety, effectiveness, effi-
ciency, equality, and consistency with patient values
and preferences).

5.1.1. For patients with lung cancer who require
multimodality therapy, we suggest using a mul-
tidisciplinary team approach (Grade 2C).

Remark: We suggest that multidisciplinary teams have
representatives from pulmonary medicine, thoracic
surgery, medical oncology, radiation oncology, pallia-
tive care, radiology, and pathology.

The goal of the initial evaluation of patients with
known or suspected lung cancer is to acquire suf-
ficient information such that a definitive diagnostic
and treatment plan can be developed in the most
cost-effective manner possible, balancing the consid-
erations of efficiency, safety, and effectiveness with
patient values and preferences. The large number of
factors that need to be considered; the number of
disciplines involved; and the need to diagnose, stage,
and treat patients in a timely fashion present a real
challenge. Factors such as comorbidities, functional
status, patient preferences, probability of lung cancer,
probability of metastatic disease, symptom control,
and presence of paraneoplastic syndromes all need to
be considered. Given this context, it is useful to start
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with a broad overview of the evaluation, diagnosis,
staging, and treatment process (Fig 1). This guideline
is intended to provide an evidence-based approach to
the initial evaluation of patients with suspected or
known lung cancer. It focuses on patients who pre-
sent with a relatively high probability of cancer; it
does not necessarily apply to patients with a very low
probability of cancer, such as those identified with a
lung nodule during CT screening, although the prin-
ciples are still relevant to that problem. The specifics
of the other steps in the diagnosis, staging, and treat-
ment process are handled in more detail in other
articles of these lung cancer guidelines.

The initial evaluation must set the stage for all sub-
sequent steps by identifying and clarifying key issues
related to the patient’s overall health, the proba-
bility of cancer, and the probability of metastatic dis-
ease. These issues, in turn, have an impact on every
other step of the diagnosis, staging, and treatment
process. The fundamental principle we highlight is
that choosing the best strategy for initial evalua-
tion requires consideration of many elements that
often are only thought about much later in the pro-
cess of care (Fig 1). Although some of these ele-
ments cannot be known precisely during the early
stages ofa workup, in many cases, certain options can
be eliminated and the initial diagnostic evaluation
streamlined and made more efficient with lower cost
and less risk to the patient if a few simple questions
are asked up front.

On the basis of this framework, the initial evaluation
must provide information with regard to three basic
questions: (1) What is the extent of disease, and is there
evidence of metastases? (2) Are there comorbidities
(ie, COPD) present that might limit treatment options?
(3) Are there symptoms or paraneoplastic syndromes
present that need to be identified and treated early?
Once these questions have been addressed, tissue will
be needed to stage and diagnose the patient (Fig 2).
The fundamental principle is that staging and diag-
nosis should be achieved as efficiently as possible. As
shown in Figure 2, this usually means biopsy of the
most advanced site of disease. If there is evidence of
distant metastatic disease, that will be the first target
if tissue acquisition is feasible from the distant site. If
there is no clinical evidence of distant metastatic dis-
ease but there is evidence of mediastinal nodal dis-
ease, then mediastinal sampling will be the first target.
If neither is present, then lung biopsy or surgery is
warranted. Note that efficient diagnosis and staging is
contingent on a thorough initial evaluation to identify
the first biopsy targets.

In addition to these clinical considerations, quality
care requires that the initial evaluation process be exe-
cuted in a timely, well-coordinated manner so that all the
necessary disciplines can be integrated and brought
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FIGURE 1. [Introduction, Section 2.3] Overview of initial evaluation, diagnosis, staging, and treatment processes.

There is significant overlap between cognitive processes. Developing a clinical diagnosis and assessment of the probable stage begins
during the initial evaluation. This clinical assessment is subsequently refined on the basis of biopsy specimen findings that are part
of formal staging and diagnosis. Similarly, information regarding the patient’s functional status, comorbid conditions, and preferences may
have an impact on treatment alternatives, and this in turn may have an impact on the type of diagnostic testing strategies chosen. CXR = chest

radiograph.
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to bear on the problem. A variety of organizational
and system-level variables that affect patient out-
comes must be considered. Among the most impor-
tant of these variables are the timeliness of care and
the role of multidisciplinary teams. The remainder of
this article, therefore, will focus on the following:

e Presenting signs, symptoms, laboratory evalua-
tion, and initial imaging tests

e Evaluation of paraneoplastic syndromes

e Impact of the timeliness of care on patient
outcomes

e Impact of multidisciplinary teams on patient
survival

1.0 METHODS

To update previous recommendations on the initial evalua-
tion of the patient with lung cancer and the role of the practice
organization, we used systematic methods to identify studies, syn-
thesize evidence, assess study methods, formulate recommenda-
tions, and rate the strength of recommendations as described by
Lewis et al' the American College of Chest Physicians (ACCP)
Lung Cancer Guidelines. We used the population, intervention,
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comparator, and outcome (PICO) format to generate questions
(Table S1). Search criteria, references identified, relevant arti-
cles reviewed, flow diagrams, and final selections are detailed in
Appendix S1.

After a systematic search, articles were selected for inclusion
according to the selection criteria listed. The data were abstracted,
and the writing committee drafted recommendations. These were
discussed, revised, and ultimately approved by the entire ACCP
Lung Cancer Guidelines panel, as described elsewhere.!

2.0 PRESENTING SYMPTOMS, SIGNS,
LABORATORY EVALUATION, AND IMAGING

An appreciation of the varying ways in which patients
with lung cancer initially present is important because
it facilitates identifying patients who are more likely to
have either intrathoracic spread or distant metastases.
This distinction in turn guides the diagnostic evalua-
tion. Approximately one-fourth of patients are asymp-
tomatic at the time lung cancer is identified, and these
patients are more likely to have less-advanced disease.
Unfortunately, the majority of patients present because
of cancer-related symptoms and have more-advanced
disease. The initial evaluation, therefore, should focus
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FIGURE 2. [Introduction] Diagnostic algorithm for patients with suspected non-small cell lung cancer.

The initial evaluation provides information on comorbidities, functional status, preferences, and probable extent of disease. The results of
the initial evaluation determine the optimal site and sequencing of additional diagnostic and staging tests. Staging and diagnosis will be
most efficient if the most advanced site of disease is targeted first. *When there is overwhelming imaging evidence of distant metastases,
biopsy of the most accessible site is sufficient. DLCO = diffusing capacity of lung for carbon monoxide; EBUS-NA = endobronchial
ultrasound-guided needle aspiration.
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on symptoms and signs that reflect local effects from 2.1 Symptoms Related to the Primary Tumor

the primary tumor, extension of disease in the thoracic Small pulmonary nodules are usually asymptomatic.

cavity, radiographic correlates, distant metastatic dis- Larger pulmonary lesions, central tumors, or tumors

ease, and findings suggestive of paraneoplastic syn- with an endobronchial component are more likely

dromes (Fig 3).210 to result in pulmonary symptoms, including cough,
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FIGURE 3. [Section 2.0] Range of frequencies of initial symptoms
and signs of lung cancer.

Symptoms and Signs Frequency, %
Cough 8-75
Weight loss 0-68
Dyspnea 3-60
Chest pain 20-49
Hemoptysis 6-35
Bone pain 6-25
Clubbing 0-20
Fever 0-20
Weakness 0-10
SVC obstruction 0-4
Dysphagia 0-2
Wheezing and stridor 0-2

Modified from Andersen et al,> Grippi;? Hyde and Hyde,* Cromartie et al3
Karsell and McDougall ¢ and the American Thoracic Society and Euro-
pean Respiratory Society.” SVC = superior vena cava. Reproduced with
permission from Spiro et al."!

dyspnea, chest pain, and hemoptysis.>” Of these, cough
is the most common presentation and may result from
endobronchial irritation, parenchymal infiltration, or
postobstructive pneumonia. Recurrent pneumonia in
the same anatomic distribution or relapsing acute exac-
erbations of COPD should raise concern for neoplasm.
Dyspnea may accompany these scenarios. Localized
or unilateral wheezing may reflect endobronchial
obstruction. Patients often describe nonspecific chest
discomfort, and pleuritic chest pain should raise con-
cern for invasion of the pleura. Hemoptysis accom-
panying lung cancer is rarely massive. Patients may
dismiss small amounts of blood streaking in sputum
as related to bronchitis and cough. However, hemop-
tysis may be the presenting symptom of lung cancer
even in the setting of a normal or nonlocalizing chest
radiograph.'? Persistent hemoptysis, even in scant
amounts, in patients with a history of smoking and
COPD should raise concern about the possibility of
endobronchial tumor.

2.2 Symptoms and Signs of Intrathoracic Spread

A number of structures within the thorax are sus-
ceptible to tumor invasion either by local extension
or by lymphatic spread. The most common sites of
spread are the hilar and mediastinal lymph nodes.
Although nodal metastases rarely cause symptoms,
bulky adenopathy in the hila can cause extrinsic airway
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compression with airway symptoms, and in the sub-
carinal area, they can compress the midesophagus with
resultant dysphagia. More commonly, symptoms relate
to invasion or compression of other structures, includ-
ing the pleura, nerves, blood vessels, and chest wall.

Many patients may have nonspecific chest discom-
fort with lung cancer. Extension of the primary tumor
into the pleura or chest wall causes more localized
pain, which may be severe. Invasion of the chest wall
can cause painful soft tissue masses or rib destruction.
Pleural effusion may be related to direct extension of
the primary tumor, to implantation of tumor metasta-
sis, or from mediastinal lymphatic obstruction and is
typically heralded by dyspnea or chest pain.

A number of nerves are susceptible to compromise
by local extension of lung cancer. Recurrent laryngeal
nerve palsy typically is seen in left-sided tumors
because of the circuitous route of the left recurrent
laryngeal nerve deep into the thorax and under the
aortic arch, which renders it susceptible to com-
pression by adjacent tumor or malignant nodes. The
resultant vocal cord paresis causes hoarseness and
may predispose to coughing and aspiration. The right-
side recurrent laryngeal nerve is less commonly involved
because its course does not traverse extensively into
the chest. Phrenic nerve dysfunction, demonstrated
by an elevated hemidiaphragm, may also be caused
by tumor extension into the mediastinum. Superior
sulcus tumors are classically associated with some or
all the manifestations of Pancoast syndrome.'* The
entire syndrome consists of shoulder and arm pain
related to invasion of the brachial plexus and the adja-
cent soft tissues, ribs, and vertebrae; Horner syndrome
(unilateral ptosis, meiosis, and lack of facial sweating)
from infiltration of the sympathetic chain and stellate
ganglion; and weakness, pain, and paresthesias of the
arm and hand in the distribution of the eighth cervical
and first and second thoracic nerve roots. The distri-
bution of symptoms, particularly pain, outside the chest
may delay consideration of lung cancer as the primary
etiology.

Lung cancer is the most common cause of the supe-
rior vena cava syndrome.!* Patients typically experi-
ence facial and neck swelling and, less commonly, may
describe dysphagia, cough, headache, dizziness, and
blurred vision. Physical examination findings include
facial edema and plethora, dilated neck veins, and a
prominent venous pattern on the chest. Chest radio-
graphs typically show a widened mediastinum or right
hilar mass but may appear normal.

Metastases to other vascular structures in the medi-
astinum need to be considered. The pericardium is
the most common site of cardiac involvement by
lung cancer either by direct extension or by lymphatic
spread. Pericardial effusion, occasionally presenting as
pericardial tamponade and arrhythmias, may result.
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2.3 Radiographic Presentations of Lung Cancer

All patients undergoing initial evaluation for lung
cancer will require noninvasive imaging studies, which
in conjunction with tissue confirmation of disease,
will ultimately yield the clinical stage. Pulmonary phy-
siologic evaluation is also required because this will
help to stratify the patient’s risk, which in turn will
affect both diagnostic testing and treatment strategy.
In terms of the proper timing and sequencing of tests,
it is important to recognize that these tests should be
performed early during the initial evaluation phase of
the workup because they provide pivotal information
that will have an impact on all subsequent decisions
(Fig 1). This discussion focuses on the clinicoradio-
graphic presentation of patients with lung cancer.
The utility and indications for noninvasive testing,
invasive diagnostic modalities, and pulmonary physi-
ologic testing are discussed in more detail in the
articles By Detterbeck et al'® on lung cancer staging
and Brunelli et al'é on physiologic evaluation in the
ACCP Lung Cancer Guidelines.

2.3.1 Clinically Asymptomatic Presentation: Only
a minority of lung cancers are diagnosed while the
patient is asymptomatic. Typically, these individuals
are discovered with stage I or II non-small cell lung
cancer (NSCLC), with tumors appearing as solitary
lesions on chest radiographs or chest CT scans per-
formed for reasons unrelated to the tumors themselves.
Pulmonary nodules are common incidental radio-
graphic findings; most patients with pulmonary nodules
will have no symptoms related to the nodules per se.
By definition, a pulmonary nodule is a lesion =3 c¢m
in diameter surrounded by normal lung tissue and
not associated with other radiographic abnormalities,
such as lymphadenopathy, atelectasis, or pleural effu-
sion. Larger lesions are defined as masses. Pulmonary
nodules may be solid, completely ground glass opac-
ities, or partially solid and partially ground glass in
density. The decision to pursue further evaluation of
an asymptomatic pulmonary nodule will be influenced
by the pretest probability of malignancy based on clin-
ical risk factors and the radiographic appearance of
the nodule. Several radiographic features of the nod-
ule are particularly pertinent. Size is an important
factor. The larger the nodule, the more likely it is to
be malignant, with the majority of asymptomatic pul-
monary nodules >20 mm being malignant.!” Location
within the lung is worth noting, with a higher risk of
malignancy for upper lobe than for lower lobe lesions.’s
Densely calcified nodules typically reflect healed prior
inflammatory processes, although heterogeneous or
eccentric distribution of calcium within a nodule does
not exclude the possibility of malignancy. Nodule edge
characteristics also contribute to the evaluation, with
higher risk for malignancy associated with spiculated
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edges compared with smooth borders.!s The topic
of pulmonary nodule evaluation is addressed more
comprehensively by Gould et al'¥ in the ACCP Lung
Cancer Guidelines.

The National Lung Screening Trial (NLST) dem-
onstrated a 20% relative reduction in mortality from
lung cancer in patients undergoing annual screening
with low-dose chest CT scan compared with chest
radiography.?’ The NLST also demonstrated a stage
distribution shift toward the less advanced stages in
patients whose lung cancers were diagnosed because
of a positive screening test. In the NLST, 63% of sub-
jects with lung cancer diagnosed during the 2 years
of active screening had stage IA or IB disease, a dra-
matic contrast with the distribution of current symptom-
driven lung cancer evaluation in which most patients
have advanced stage disease at diagnosis. If low-dose
CT screening for lung cancer is incorporated into
medical practice for the patient population identified
by the NLST, more asymptomatic stage I and II lung
cancers will be identified.

2.3.2 Clinically Symptomatic Presentation: The
majority of patients with lung cancer present because
of symptoms related to their tumors. In patients with
nonspecific systemic symptoms, such as weight loss,
the chest radiograph will be helpful in focusing atten-
tion quickly on the lungs as the most likely primary
site. In patients with symptoms related to the primary
tumor itself, certain chest radiographic features should
heighten concern for lung cancer. Unexplained pleu-
ral effusion should always raise concern for malig-
nancy. Central tumors may cause mechanical airway
obstruction with associated atelectasis or parenchy-
mal consolidation.?"22 Classically, squamous cell car-
cinomas are believed to arise in the central bronchi,
with local extension into the hilum and mediastinum,
and because of this, may predispose to symptoms
related to bronchial obstruction.??* However, periph-
eral squamous cell carcinomas with or without cavi-
tation are not uncommon. Similarly, adenocarcinomas,
which now comprise the majority of bronchogenic
carcinomas, have been classically described as pre-
senting as nodules or masses in the lung periphery;
however, these cancers may also present as central
lesions with large airway obstruction. Small cell carci-
nomas, accounting for about 15% of all lung cancers,
rarely present as isolated pulmonary nodules and are
typically associated with bulky hilar or mediastinal
adenopathy and distant metastasis.

2.4 Symptoms, Signs, and Laboratory Tests
Indicating Extrathoracic Metastases

Lung cancer can metastasize to any organ. Patients
with distant metastases often have nonspecific systemic
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symptoms of anorexia, weight loss, or fatigue.? The
most common sites of metastasis are the lymph nodes,
liver, adrenal glands, bone, brain, and pleura. As
noted, symptoms related to lymph node metastasis
are uncommon except in the situation of very bulky
adenopathy. Liver metastases often are accompanied
by symptoms of weakness and weight loss, which are
typically not associated with abnormal liver function
tests until liver involvement is very advanced. Adrenal
metastases typically are asymptomatic and rarely cause
adrenal insufficiency; these must be distinguished from
benign adrenal adenomas, which are common inci-
dental findings. Although metastases to the lymph
nodes, liver, and adrenal glands often are clinically
silent, these sites often are readily amenable to biopsy.
Patients with systemic symptoms who are suspected
of having metastatic lung cancer should be evaluated
with this in mind because biopsy of a metastatic site
has the potential to most efficiently establish both diag-
nosis and stage.

Bone pain is a common symptom of metastatic lung
cancer, being evident in 6% to 25% of patients at pre-
sentation. Although the vertebral bodies are the most
common site, any bone may be involved. Pain, bony
tenderness, and elevation of serum calcium or alkaline
phosphatase should heighten concern for skeletal
metastasis. Malignant involvement of the nervous sys-
tem by lung cancer most commonly presents as intra-
cranial metastases, although neurologic symptoms may
also be related to paraneoplastic syndromes. The lung
is the primary site of about 70% of cancers that ini-
tially present with symptomatic brain metastases.2
Symptoms of brain metastasis include headache,
nausea, vomiting, seizures, or mental status changes,
but patients may also be asymptomatic. As discussed
in the article on diagnosis in these guidelines,'” any
symptoms or focal neurologic signs should prompt an
appropriate brain imaging study.

2.4.1 Standardized Evaluation for Systemic
Metastasis: Readily available clinical factors are use-
ful for assessing the likelihood of systemic metastasis.
Feinstein and Wells®» performed an illuminating anal-
ysis of the effect of the presence or absence of symp-
toms on prognosis in a large cohort of patients with
lung cancer. This effort built on 2 decades of previous
work investigating the relationship between symp-
toms of lung cancer at diagnosis and eventual out-
comes.'%%272 In their cohort of 1,266 lung cancer
cases at two institutions, patients demonstrating the
best prognosis were either asymptomatic or had symp-
toms referable only to the primary tumor.? In contrast,
the presence of systemic symptoms, such as anorexia,
weight loss, and fatigue, or localized symptoms attrib-
utable to metastatic sites was associated with poor prog-
nosis.? The relationship between systemic symptoms
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and prognosis was also demonstrable within individ-
ual stages, with worse prognosis observed in patients
within a given stage if systemic symptoms were evi-
dent (these data come from an era that predates many
of the imaging tests available today).25

Hooper and colleagues®3! also investigated this
concept, using a panel of clinical factors incorporat-
ing symptoms, signs, and laboratory tests to screen
for metastatic disease. They examined the correlation
between the presence and absence of clinical factors
suggesting metastatic disease and the likelihood of
identifying abnormalities on liver, brain, and bone
imaging studies.?*3! Their initial work demonstrated
that clinical abnormalities were frequently associated
with abnormalities on radionuclide imaging, whereas
routine scanning in asymptomatic patients did not
identify a significant number with unsuspected meta-
static disease. Extending this work to brain imaging
by CT scan in a relatively small retrospective study,
16 of 89 patients with lung cancer undergoing routine
brain CT scanning were found to have abnormal stud-
ies.?0 Of the 16 patients with CT scan findings, only
nine had evidence of CNS disease on history or phys-
ical examination, but all 16 had significant abnormal-
ities identified on the clinical evaluation panel for
metastatic disease. Conversely, no abnormal CT scans
were identified in asymptomatic patients with a neg-
ative clinical screen. Silvestri et al®? adapted the criteria
of Hooper and colleagues and retrospectively asked
whether they would be a useful screen for detecting
adrenal metastases. As was noted by Feinstein and
Wells*» and Hooper and colleagues, if the clinical
screen was unremarkable, adrenal metastases were
not identified on CT scan; conversely, the more clin-
ical abnormalities present, the more likely it was that
adrenal metastases would be found. These and other
studies reinforce the observation that abnormalities
identified on a fairly simple clinical panel can strongly
suggest the presence of metastases, although they may
not necessarily be helpful in identifying the meta-
static sites.2>303 This body of work is important when
considering the question of whether routine brain,
abdominal, and bone imaging studies looking for
metastatic disease should be performed in all patients
with lung cancer because it suggests that this evalua-
tion should be influenced by the results of a simple
clinical screening panel. In a meta-analysis of all stud-
ies in patients with lung cancer that provided data
on both radiographic studies and the clinical factors
adapted from the criteria of Hooper and colleagues,
Silvestri et al*> demonstrated that patients with meta-
static disease commonly show abnormalities on a
clinical screen (Fig 4).However, in the absence of
abnormalities in the clinical assessment, identification
of asymptomatic metastatic disease on routine imaging

is unlikely.
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FIGURE 4. [Section 2.4.1] Features of a standardized evaluation for systemic metastases.

Symptoms | Signs Laboratory Tests

Constitutional: Hematocrit <40% in men
weight loss > 10 1b
Musculoskeletal:

focal skeletal pain

Lymphadenopathy
(short axis > 1 cm)
Hoarseness, SVC syndrome

Hematocrit <35% in women

Neurologic:
headaches, syncope, seizures, extremity
weakness, or recent change in mental status

Bone tenderness, papilledema, focal
neurologic signs, hepatomegaly (>13
cm span), and soft tissue mass

Elevated alkaline phosphatase,
y-glutamyltransferase, or serum glutamic-
oxaloacetic transaminase level

Modified from Silvestri et al.% See Figure 3 legend for expansion of abbreviation. Reproduced and modified

with permission from Spiro et al.!

Possible exceptions to this general approach would
include patients with more-advanced clinical stage
disease (ITIA and IIIB), particularly those with involve-
ment of the mediastinal (N2) nodes. Limited evidence
suggests that the presence of distant metastatic dis-
ease is higher in this group, even when there are no
associated clinical symptoms.32% Another important
caveat is that patients who are subsequently proven
to have small cell lung cancer (SCLC) after the initial
evaluation will require brain imaging even if there
are no focal neurologic deficits, although this can be
done after a tissue diagnosis is established. In general,
for clinical stage I and II lung cancer, the important
conclusion is that performing an assessment of readily
available clinical factors obtained through a thorough

history and physical examination and standard labo-
ratory tests (including hemoglobin, electrolyte, liver
function, and calcium levels) is a useful approach both
in avoiding unnecessary evaluation in patients without
clinical evidence of metastatic disease and in lowering
the threshold for a metastatic evaluation in patients
with an abnormal clinical screen.

3.0 EVALUATION OF PARANEOPLASTIC SYNDROMES

The presentation of patients with lung cancer may
also be complicated by the presence of paraneoplastic
syndromes. A wide variety of paraneoplastic syndromes
have been reported in lung cancer (Fig 5). Some of
these syndromes are relevant to the initial evaluation

FIGURE 5. [Section 3.0] Paraneoplastic syndromes in patients with lung cancer.

Endocrine syndromes

SIADH
Nonmetastatic hypercalcemia
Cushing syndrome

Hypoglycemia
Hyperthyroidism
Carcinoid syndrome

Gynecomastia Hypercalcitonemia
Elevated levels of LH and FSH
Neurologic syndromes Subacute sensory neuropathy Encephalomyelitis

Intestinal pseudoobstruction
Lambert-Eaton myasthenia syndrome
Cancer associated retinopathy

Necrotizing myelopathy
Mononeuritis multiplex

Skeletal syndromes

Hypertrophic osteoarthropathy

Clubbing

Renal syndromes Glomerulonephritis Lactic acidosis
Nephrotic syndrome Hypouricemia
Metabolic syndromes

Systemic syndromes Anorexia and cachexia Fever

Collagen-vascular syndromes | Dermatomyositis Vasculitis
Systemic lupus erythematosus Polymyositis

Cutaneous syndromes

Acquired hypertrichosis languinosa
Erythema gyratum repens
Erythema multiforme

Exfoliative dermatitis
Acanthosis nigricans
Sweet’s syndrome

Tylosis Pruritus and urticaria
Erythroderma

Hematologic Leucocytosis and eosinophilia Anemia
Leukemoid reactions Thrombocytosis
Thrombocytopenic purpura

Coagulopathies Disseminated intravascular coagulation Thromboembolism

FSH = follicle-stimulating hormone; LH = luteinizing hormone; STADH = syndromes of inappropriate
antidiuretic hormone. From Spiro et al.”
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of lung cancer because they are associated with sig-
nificant morbidity and mortality that may limit effective
cancer treatment if they are undiagnosed. Conversely,
in many of these syndromes, early recognition and
intervention can limit the associated morbidity and
mortality, facilitating more effective cancer treatment.
It is therefore important that these syndromes be
identified early in the evaluation of the patient with
lung cancer.

Many paraneoplastic syndromes have previously
been described and characterized on the basis of clin-
ical manifestations. However, it is now recognized
that many of these syndromes share similar under-
lying mechanisms. Broadly speaking, they can be
categorized as being either hormonally based or immu-

nologically based.

3.1 Hormonal Syndromes

3.1.1 Ectopic Cushing Syndrome: Paraneoplastic
Cushing syndrome (CS) typically is caused by ectopic
production of adrenocorticotropin (ACTH)*; ectopic
production of corticotropin-releasing hormone is rare.
Bronchial carcinoid and SCLC are commonly associ-
ated with ectopic ACTH.3-4 Ectopic CS is associ-
ated with poor prognosis in SCLC.#%2 CS is clinically
apparent in 1.6% to 4.5% of SCLCs,*%5 whereas bio-
chemical abnormalities suggestive of ectopic CS may
be found in 30% to 50% of SCLCs. -4

Paraneoplastic CS should be suspected in patients
with lung cancer if concurrent clinical features of CS
are present. In most cases, clinical features include
moon faces, acne, purple striae, proximal muscle weak-
ness, peripheral edema, hypertension, and metabolic
alkalosis with hypokalemia. Skin hyperpigmentation
usually is more prominent with ectopic ACTH. Weight
gain is common in CS, but weight loss occurs in about
10% of CS associated with SCLC.#

If these clinical features of CS are present in a
patient with lung cancer, the next step is to exclude
iatrogenic CS. According to the Endocrine Society
clinical practice guidelines for CS, it is important to
exclude iatrogenic CS before biochemical testing.?-5
The Endocrine Society indicated that this strong rec-
ommendation is based on high-quality evidence that
failure to exclude exogenous glucocorticoid use is asso-
ciated with unnecessary testing and resulting conse-
quences without any benefit to the patient.

Once iatrogenic disease is excluded, the Endocrine
Society clinical practice guidelines recommend initial
testing for CS with one of the following: 24-h urinary
free cortisol test (more than one measurement), late-
night salivary cortisol test (more than one measure-
ment), or dexamethasone suppression test (1 mg
overnight or 2 mg/d for 2 days).*% The Endocrine
Society indicated that these strong recommendations
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are based on very-low-quality evidence because data
that link specific diagnostic strategies to patient out-
comes are limited and most of the work has focused
on developing, validating, and assessing diagnostic test
performance.

If initial testing is normal and the pretest probabil-
ity of disease is low or moderate, CS is unlikely. If one
of these tests is abnormal and if patients have normal
test results but a high clinical suspicion of CS, the
Endocrine Society clinical practice guidelines recom-
mend further evaluation by an endocrinologist. The
Endocrine Society indicated that these strong recom-
mendations are based on very-low-quality evidence
because the guidelines panel observed that subsequent
testing in this context requires considerable exper-
tise both in the clinic and in the laboratory such that
referral was likely to be associated with better out-
COHleS.50'53

It is important to diagnose paraneoplastic CS as
part of the initial evaluation of patients with SCLC or
bronchial carcinoid tumors so that appropriate treat-
ment of hypercortisolism can be accomplished prior
to chemotherapy or surgery. Although surgical removal
or chemotherapy for the cancer is the primary therapy
that will remove or suppress the ectopic source of
ACTH, the hypercortisolism represents a signifi-
cant barrier to effective cancer treatment because it
increases the risk for therapy-induced complications.
For example, the mortality of patients with SCLC and
CS is high after chemotherapy induction.*#? Severe
opportunistic infections soon after starting chemo-
therapy cause severe morbidity and mortality before
any potential anticancer benefit can be realized. Sim-
ilarly, patients with CS also have increased clotting
factors I1, V, VIII, IX, XI, and XII, which increase the
risk for VT'E 545 The VTE risk in patients with CS is
about 2% without surgery and 4% after surgery®;
thus, it is expected that patients with lung cancer and
ectopic CS have a higher VTE risk than patients with-
out ectopic CS. The goal, therefore, is to recognize
and diagnose CS during the initial evaluation so that
treatment of hypercortisolism can be initiated, thereby
permitting more-effective cancer treatment with less
risk. Effective cancer treatment in turn will be the
primary treatment of the ectopic CS.

Consensus statements and guidelines®5” are avail-
able to guide the management of hypercortisolism
in paraneoplastic CS in patients with lung cancer.
Metyrapone, ketoconazole, etomidate, mitotane, and
mifepristone can be used to decrease circulating glu-
cocorticoids. Laparoscopic bilateral adrenalectomy
can rapidly decrease circulating cortisol levels to allow
patients with rapidly progressive SCLC and ectopic
CS to begin chemotherapy in a timely manner. To pre-
vent adrenal insufficiency from developing, replace-
ment glucocorticoid therapy may be needed, and
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prophylaxis for Pneumocystis carinii and fungi dur-
ing chemotherapy may be considered.

3.1.2 Syndrome of Inappropriate Antidiuretic
Hormone: Approximately 10% to 45% of SCLC and
1% of other lung cancer cases (squamous cell car-
cinoma® and adenocarcinoma®*®) produce arginine
vasopressin (ie, antidiuretic hormone [ADH]), but
only 1% to 5% of patients with lung cancer have symp-
tomatic syndromes of inappropriate ADH (SIADH)."!
Excess ADH activates vasopressin 2 receptors in
renal tubules, resulting in increased aquaporins and
impaired free water clearance. Hyponatremia in patients
with SCLC is associated with shortened survival.6!
Early detection and appropriate management can pre-
vent severe hyponatremia, which can lead to seizures,
coma, and death.

Signs and symptoms are determined by the degree
of hyponatremia and the acuity of hypoosmolality. At
serum sodium concentrations of 125 to 130 mEq/L,
patients usually experience general weakness, confu-
sion, headache, and nausea. When serum sodium levels
drop to <120 mEq/L, life-threatening manifestations
may ensue.

SIADH manifests as euvolemic hypoosmolar hypona-
tremia characterized by low serum osmolality and
inappropriately high urine osmolality in the absence
of diuretic treatment, adrenal insufficiency, heart fail-
ure, cirrhosis, and hypothyroidism as follows:

e Hyponatremia (serum sodium <134 mEq/L)

* Hypoosmolality (plasma osmolality, <275 mosm/kg)

e Inappropriately high urine osmolality (> 500
mosm/kg)

e Inappropriately high urinary sodium concentra-
tion (>20 mEq/L)

e Absence of hypothyroidism or adrenal insuffi-
ciency or volume depletion

Hyponatremia should be further investigated by
clinical assessment of intravascular volume status and
biochemical measurements in blood and urine. By
assessing the effective arterial blood volume with the
fractional excretion of urate, the accuracy of a diag-
nostic algorithm for STADH can approach 95%.52 After
exclusion of hypoadrenalism and hypothyroidism,
hypoosmolar hyponatremia in the absence of renal
salt wasting, dehydration, and intravascular volume
depletion will be consistent with STADH. Labora-
tory findings in STADH include urine osmolality of
>300 mosmvkg, urinary sodium level of >40 mEq/L,
serum osmolality of <275 mosm/kg, and serum uric
acid concentration of <4 mg/dL.

Paraneoplastic hyponatremia secondary to elevated
atrial natriuretic peptide has also been described.®
This etiology, along with other non-ADH-mediated
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causes of hyponatremia (sodium wasting because of
drug nephrotoxicity, iatrogenic IV infusion of hypo-
tonic fluid, etc) should be distinguished from SIADH
in the differential diagnosis of hyponatremia.

There are no evidence-based guidelines for man-
aging SIADH. Recommended management is based
on expert opinion.*65 Free water restriction (<1 L/d)
is a first-line treatment of asymptomatic mild SIADH
and a recommended adjunct to other therapy for
severe cases. Hypertonic 3% saline IV is given in
life-threatening or acute symptomatic and severe
(<120 mEq/L) hyponatremia. Demeclocycline, lithium,
and vasopressin 2 receptor antagonists (conivaptan,
lixivaptan, tolvaptan, and satavaptan) may also be used
to correct hyponatremia.

3.1.3 Hypercalcemia of Malignancy: Hypercalcemia
occurs in 10% to 25% of patients with lung cancer®
and is most commonly seen in patients with squamous
cell lung cancer.5” The common etiologic mecha-
nisms of hypercalcemia of malignancy are parathy-
roid hormone-related protein (PTHrP) production,
increased active metabolite of vitamin D (calcitriol,
also called 1,25-dihydroxyvitamin D,), and localized
osteolytic hypercalcemia.’s%* PTHrP-mediated hyper-
calcemia is characterized by a suppressed intact para-
thyroid hormone (iPTH) level and a low or normal
calcitriol level, which contrasts with the findings of
elevated iPTH and calcitriol levels in primary hyper-
parathyroidism. The median survival after discovery
of hypercalcemia of malignancy in patients with lung
cancer is about 1 month.™

Clinical symptoms of hypercalcemia depend on
severity and acuity of onset. For mild or moderate
hypercalcemia, symptoms include polyuria, polydipsia,
nausea, confusion, vomiting, abdominal pain, and
myalgia. Patients may present with severe dehydra-
tion and acute renal failure. When hypercalcemia is
severe (>14.0 mg/dL), patients may develop mental
status changes, bradycardia, and hypotension. The
diagnostic evaluation includes measuring serum con-
centrations of iPTH, PTHrP, 1,25-dihydroxyvitamin D,,
25-hydroxyvitamin D, calcium, albumin, magnesium,
and phosphorus.

There are guidelines for the management of hyper-
calcemia, ™" but they are not specifically for patients
with lung cancer. Oral hydration may be effective in
mild hypercalcemia. In moderate to severe hyper-
calcemia, management includes rehydrating with
IV crystalloid fluids not containing calcium and giving
loop diuretics (eg, furosemide) as needed after cor-
rection of intravascular volume. Bisphosphonates
(clodronate, pamidronate, and zoledronic acid) usu-
ally are effective. Additional therapeutic options such
as glucocorticoids, gallium nitrate, and salmon calci-
tonin may be considered.5s™
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3.1.4 Carcinoid Syndrome: Bronchopulmonary neu-
roendocrine tumors (NETs) comprise about 20% of
all lung neoplasms.™ They are classified as low-grade
typical carcinoid, intermediate-grade atypical carci-
noid, large cell NET, and SCLC.™

Ectopic serotonin production can produce the car-
cinoid syndrome in about 1% to 5% of these patients.™
This syndrome is characterized by skin flushing of the
upper thorax, secretory diarrhea, and bronchocon-
striction. Fibrosis of the valves of the right side of the
heart may also develop in chronic cases, although this
is extremely rare in carcinoids of lung origin.

Acute carcinoid crisis can occur as a result of a
massive release of serotonin, causing bronchospasm,
hypotension, arrhythmias, and cardiopulmonary fail-
ure. The crisis may be precipitated by chemother-
apy, biopsy, anesthesia, surgery, or adrenergic drugs
(eg, dopamine, epinephrine). The risk of carcinoid
crisis associated with an invasive procedure is difficult
to predict, and perioperative management emphasizes
prevention. Because patients with lung cancer often
will require invasive diagnostic procedures or surgical
interventions, recognition of carcinoid syndrome in
the initial evaluation can facilitate proper prevention
and treatment of carcinoid crisis. Carcinoid crisis can
be prevented, aborted, or treated with IV octreotide
acetate.™

To diagnose carcinoid syndrome, the main metab-
olite of serotonin, that is, 5-hydroxyindoleacetic acid
(5-HIAA), is measured in 24-h urine collections with
precautions taken for interference by certain foods
and medications™ (Fig 6).The specificity of the urinary
5-HIAA test is close to 90%.8! Serum NET biomarkers,
such as neuron-specific enolase®? and chromogranin

FIGURE 6. [Section 3.1.4] Food and medications to avoid during
urine collection for 5-HIAA measurement.

Food ‘ Medication

Tomatoes and tomato products | Cough and antihistamine preparations
Eggplant Acetaminophen

Avocado Diazepam

Fruits in general Methocarbamol

Nuts, especially walnuts Cyclobenzaprine

Wine and liquor Phenelzine

Bananas and plantains Phenothiazines

Dates Heparin

Nicotine/smoking Tricyclic antidepressants and SSRI
Glyceryl guaiacolate/guaifenesin
Reserpine

Isoniazid

Levodopa

Methyldopa

Methenamine

Serotonin

From Mashige et al® and Aggarwal 0 5-HTAA = 5-hydroxyindoleacetic
acid; SSRI = selective serotonin reuptake inhibitor.
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A, should be measured. An elevated serum level of
chromogranin A, which occurs in 75% of carcinoid
tumors and 60% of SCLCs,* has the highest reli-
ability and accuracy among the biomarkers of NETs.5
Neuron-specific enolase and 5-HIAA are highly spe-
cific but not very sensitive (sensitivity, 32.9% and
35.1%, respectively).s? Because up to 80% of bron-
chopulmonary NETs express somatostatin receptors,
radionuclide-labeled octreotide scintigraphy is help-
ful in detecting tumors that may be missed by other
diagnostic studies.

Whenever feasible, surgery is the first-line treatment
of bronchial carcinoids. Metastatic disease is not cur-
able. In such cases, control of symptoms from carci-
noid syndrome is important to improve quality of life.
Somatostatin analogs are effective. Other therapies
include serotonin receptor blockers, interferon, and
antidiarrheal medications.

3.2 Imimunologic Syndromes

3.2.1 Paraneoplastic Neurologic Syndromes: Para-
neoplastic neurologic syndromes (PNSs) are nervous
system dysfunctions caused by an autoimmune mech-
anism but not by local effects of tumors. Many neu-
ronal autoantibodies play diagnostic and pathogenic
roles (Fig 7).%* Most PNSs in adults are associated with
lung cancer of neuroendocrine origin (ie, SCLC, car-
cinoid tumors).%> Most of the PNSs damaging the CNS
are T-cell mediated.5>% The prevalence of onconeu-
ral antibodies in SCLC for Hu, CRMP5, amphiphysin,
Yo, Ri, and Ma2 are 22.5%, 5.0%, 2.5%, 0.5%, 1.5%,
and 1.0%, respectively.® Therefore, the anti-Hu synd-
rome is the PNS most relevant to lung cancer.

3.2.2 Anti-Hu Syndrome: Hu (neuronal embryonic
lethal, abnormal vision [n-ELAV]-like proteins) is an
RNA-binding protein that regulates RNA processing
and function from splicing to translation®! and plays
important roles in neuronal differentiation and plas-
ticity.” Most SCLCs express Hu, but only a minority
of patients have anti-Hu antibodies. Expression of
major histocompatibility complex class 1 in these
tumors may play a role in autoimmunity.% Anti-Hu
antibodies have a sensitivity of 82% and a specificity
0f 99% in the diagnosis of PNS.% Although helpful in
diagnosis, these antibodies are not pathogenic; T-cell-
mediated autoimmunity is the cause of neurologic
dam age .86,89,95,96

SCLC accounts for >90% of cases of paraneoplas-
tic anti-Hu syndrome. The clinical manifestation may
include limbic encephalitis, brainstem encephalitis,
cerebellar degeneration, opsoclonus myoclonus, mye-
lopathy, cranial nerve palsy,?” and sensory neuropathy.”
Limbic encephalitis usually presents with rapidly pro-
gressive loss of short-term memory, seizures, an
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FIGURE 7. [Section 3.2.1] Autoimmune paraneoplastic syndromes associated with lung cancer.

Antigen | Cellular Location ] Syndrome Manifestations | Diagnostic Value | Pathogenic Role
Hu (ANNALI) Intracellular Brain stem encephalitis, opsoclonus, Yes No
myoclonus, cerebellar degeneration,
myelopathy, peripheral nerve palsy
Yo (PCAL) Intracellular Cerebellar degeneration Yes Yes
Ri (ANNA2) Intracellular Opsoclonus ataxia Yes Unclear
Potassium channels Neuronal surface Acquired neuromyotonia Lacks specificity Yes
P/Q type calcium Presynaptic neuro- | Lambert-Eaton myasthenia syndrome Yes Yes
channels muscular junction

psychosis. Cerebellar degeneration causes ataxia. Opso-
clonus myoclonus is the myoclonus of head and limbs
and truncal ataxia accompanied by continual conju-
gated chaotic saccades of the eyes. Epilepsy and status
epilepticus are potential complications.? Peripheral
nerve palsy leads to distal symmetric sensorimotor
deficits.

Response to therapy for SCLC favorably affects the
course of PNS.1% Concomitant immunotherapy does
not adversely affect the malignancy outcome.'! Lim-
ited experience suggests that immunosuppressive
therapy with a combination of IV immunoglobulin
(IVIg), methylprednisolone, and cyclophosphamide
may stabilize the PNS transiently, but these treat-
ments cannot improve PNS over the long term.10?
Guidelines on using IVIg to treat PNS have been
proposed.13

3.2.3 Anti-Yo Syndrome: Yo (CDR2) is a cytoplas-
mic c-Myc-interacting protein expressed in Purkinje
cells of the cerebellum and brain stem neurons.
Anti-Yo antibodies disrupt the regulation of c-Myc
by Yo, thereby causing apoptosis. Therefore, anti-Yo
antibodies are directly involved, at least initially, in the
pathogenic mechanism for paraneoplastic cerebellar
degeneration,'** although T-cell-mediated autoim-
munity is the major cause of neuronal degeneration.

The anti-Yo syndrome is more commonly associated
with ovarian and breast cancers than with SCLC.%
The clinical manifestation is primarily brain stem
abnormalities and cerebellar degeneration. Adminis-
tered within 1 month of the onset, IVIg may induce a
good response with stabilization of neurologic symp-
toms. The benefit of adding high-dose IV glucocorti-
coid to IVIg therapy is unclear.' Plasmapheresis'®®
and plasma exchange!®” have also been attempted,
with variable success.

3.2.4 Anti-Ri Syndrome: Ri (Nova) is a highly con-
served protein'® that regulates RNA splicing and
RNA metabolism in certain neurons in the ventral
brainstem and spinal cord; several alternative forms
are expressed in the CNS and tumor cells because of
alternative mRNA splicing. Ri is involved in PNS
manifesting as opsoclonus ataxia.!*s Ri antibodies are
present in 1.5% to 4.5% of patients with SCLC.%.109
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3.2.5 Autoimmune Neuromuscular Disease: These
paraneoplastic syndromes are mediated by auto-
antibodies directed against components of the neu-
romuscular junction. The best characterized is
Lambert-Eaton myasthenic syndrome (LEMS) in
which the autoantibodies are directed against voltage-
gated calcium channels (VGCCs).110111 Similarly, anti-
bodies against voltage-gated potassium channels cause
acquired neuromyotonia.

More than 90% of LEMS have antibodies against
VGCC type P/Q, which is the etiology for LEMS.12113
The prevalence of LEMS in SCLC is 1% to 1.6%.114115
Anti-VGCC antibodies directly block ion channel func-
tion'!! and decrease calcium influx into the presynaptic
nerve terminal to prevent release of acetylcholine
secretory vesicles, thereby resulting in decreased syn-
aptic transmission at the neuromuscular junction.!1.116

Diagnosis of LEMS generally is by clinical charac-
teristics, electromyography, and anti-VGCC antibod-
ies. LEMS is clinically characterized by craniocaudally
progressive proximal muscle weakness that occurs
predominantly at the hip girdle. In the absence of
clinical features of LEMS, routine measurement of
VGCC antibodies is not recommended.”” IVIg is a
potential treatment of LEMS.!1s Guidelines for using
IVIg for LEMS have been proposed.1%

Paraneoplastic neuromyotonia (Isaacs syndrome) is
associated with antibodies against the voltage-gated
potassium channel, leading to an increased release
of acetylcholine and prolonged muscle fiber action
potential. Results from electromyography show fibril-
lation, fasciculation, and high frequency of discharge,
which are abolished by curariform anticholinergic drugs
but not by sleep induction or general anesthesia.119.120
Symptoms are primarily muscle cramping, weakness,
and stiffness. The syndrome usually is caused by lung
cancer and thymoma.

3.2.6 Autoimmune Autonomic Ganglionopathy: The
syndrome of autoimmune autonomic ganglionopathy
(paraneoplastic dysautonomia) is associated with
SCLC. Autoantibodies against the neuronal acetyl-
choline receptors in autonomic ganglia can cause
dysautonomia. Antibodies that bind to and block gan-
glionic acetylcholine receptors are pathogenic and diag-
nostic for this syndrome.'?! Paraneoplastic autonomic
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neuropathy can lead to symptoms that include hypo-
thermia, hypoventilation, dry mouth, and sleep apnea;
esophageal and GI dysmotility; intestinal pseudoob-
struction; impotence; sphincter dysfunction; ortho-
static hypotension; and cardiac arrhythmia. Symptoms
may be improved by immunosuppressive therapy.!2?
Because dysautonomia can also result from paraneo-
plastic encephalomyelitis, the differential diagnosis
should include anti-Hu syndrome.

3.2.7 Dermatonyjositis: Dermatomyositis is an inflam-
matory myopathy accompanied by characteristic der-
matologic abnormalities. The diagnostic criteria are
progressive symmetrical proximal muscle weakness,
elevated serum levels of muscle enzymes, abnormal
electromyographs, abnormal muscle biopsy results,
Gottron papules, and photodistributed heliotrope
eruption with poikiloderma.'312 Other features, such
as interstitial lung disease, Raynaud phenomenon,
and inflammatory arthritis, may also be present. Elec-
tromyographic changes are typical of muscle fiber
necrosis. The diagnosis of dermatomyositis can be
confirmed by muscle and skin biopsy tests. In addi-
tion to breast, ovarian, and GI cancers, dermatomy-
ositis is associated with lung cancer,'12" and it is
often diagnosed within 1 year of the cancer diagno-
sis.’?6 The precise etiologic link between malignancy
and dermatomyositis is elusive but is likely to be auto-
immune.!28-130 The responsiveness to immunosup-
pressive therapy is consistent with an autoimmune
etiology.'* Medications include corticosteroids,’®' meth-
otrexate, cyclophosphamide, azathioprine, mycophe-
nolate, rituximab, and IVIg.103132

3.3 Importance of Paraneoplastic Syndromes in the
Initial Evaluation

Prompt recognition and treatment of paraneo-
plastic syndromes is important for patients with lung

cancer. Delayed diagnosis of paraneoplastic syndromes
may lead to increased complications that limit or
delay cancer treatment, highlighting the need for
rapid recognition, proper evaluation, and timely inter-
vention. However, proper evaluation requires time
that in turn may affect or delay other steps in the can-
cer care process. Therefore, it is reasonable to do as
much of the workup for paraneoplastic syndromes
as possible in parallel with the main diagnosis and
staging workup so that delays can be minimized.
Sometimes, treatment and control of paraneoplastic
syndromes will require a delay in the initiation of
treatment. In such instances, physicians need to con-
sider and balance the benefits of treating the paraneo-
plastic syndrome with the potential harms associated
with delays in treatment of the cancer itself. In such
cases, it is useful to consider the available evidence
on the impact of the timeliness of care and how best
to organize medical systems to deliver the needed
care efficiently.

4.0 IMPACT OF THE TIMELINESS OF
CARE ON PATIENT OUTCOMES

The Institute of Medicine has identified timeliness
of care as one of six dimensions of health-care qual-
ity.'® In lung cancer, less timely care may be associ-
ated with missed opportunities for cure or effective
palliation, and it probably contributes to the emotional
distress patients and family members experience.
The relatively few studies that have been performed
in the United States indicate that times to diagnosis
and treatment often are longer than recommended
(Fig 8). Factors found to be associated with less timely
care include atypical symptoms,#314 less advanced
disease stage,'*> the presence of at least one comor-
bidity,'46.147 initial referral to a nonrespiratory clini-
cian, the need for multiple diagnostic tests," %150 and

FIGURE 8. [Section 4.0] Time to treatment in US studies of timeliness of care in lung cancer.

First Author ‘

(Study Period) No. Setting Cohort Results

Finlay'* 42 | New England Lung cancer Median days from diagnosis to treatment:
(1992-1996) Medical Center 31 (Asian) vs. 26 (non-Asian)

Quarterman'* 84 | San Francisco VA | Surgery for NSCLC | Median days from suspicion to treatment: 82
(1989-1999)

Liu'** 1,394 | Hawaii NSCLC cases in Median days from diagnosis to treatment:
(1995-2001) cancer registry 27 (native Hawaiian) vs. 28 (non-Hawaiian)
Dransfield"”’ 156 | Birmingham VA Surgery for NSCLC | Median days from surgical consultation to resection: 104
(1999-2003) (=31

Riedel** 345 | Durham VA Lung cancer Median days from diagnosis to treatment:
(1999-2003) 21 (multidisciplinary clinic) vs. 23 (conventional)
Gould"™ 129 | Palo Alto VA NSCLC Median days from suspicion to treatment, 84
(2002-2003)

Schultz'* 2,372 | 127 VA hospitals | Lung cancer Median days from suspicion to treatment:
(2002-2005) 90 (stage I or II) vs. 52 (stage 111 or IV)

Yorio"*! 482 | UT Southwestern | Stage I-IIINSCLC | Median days from suspicion to treatment:
(2000-2005) 76 (public hospital) vs. 45 (private)

From Kernstine and Reckamp.!> NSCLC = non-small cell lung cancer; VA = Veterans Administration.
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care provided at a public hospital'*! or in a teaching
hospital setting, 140,151,152

4.1 Timeliness of Lung Cancer Care and Outcomes

The relationship between timeliness of care and
lung cancer outcomes is difficult to sort out. Sev-
eral studies reported seemingly paradoxical results in
which more timely care was associated with worse
outcomes (Tables S2, $3).139.146153-155 One of these stud-
ies examined timeliness of care and survival in a mixed
sample of 432 patients with NSCLC in Sweden.'? In
this study, the median time from symptom onset to
treatment was 4.6 months, and median time from
hospitalization to treatment was 1.6 months. After
adjustment for age, sex, tumor histology, TNM stage,
and surgical treatment, longer time to treatment was
associated with a reduced risk of death. Such para-
doxical results are almost surely explained by residual
confounding by indication. Essentially, patients with
more-advanced or aggressive disease are both more
likely to receive timely care and less likely to survive
than patients with less-advanced disease.

In contrast, several studies of patients with surgically
treated lung cancer reported no association between
timeliness and survival.135156.157 Flowever, results of
these studies might have been biased toward the null
by the exclusion of patients who did not undergo sur-
gery because they had more-advanced disease caused
by longer delays in care.

Support for an association between less-timely care
and worse survival comes from studies of patients
with lung cancer identified through population-based
mass screening in Japan. In one such study, median
survival was worse in patients with screening-detected
lung cancer who did not follow up promptly and cor-
related with increased tumor size.!® Similarly, a study
of screening with chest radiography found that sur-
vival was worse among patients who received a lung
cancer diagnosis >4 months after the initial radio-
graphic abnormality was found compared with those
who received a diagnosis more promptly.’® Of course,
the main finding of the NLST that screening with
low-dose CT scan reduced lung cancer-specific mor-
tality by 20% also supports a link between timeliness
and survival, at least in extreme cases.2

Additional support for this link comes from a small
study in 29 patients with NSCLC from the United
Kingdom that examined the relationship between
tumor growth and delays in initiation of radiother-
apy.'® Comparing measurements obtained from diag-
nostic vs planning CT scans separated by a median
interval of 54 days, the median increase in tumor
cross-sectional area was 19%, but tumor size increased
by as much as 373%, and six patients became ineli-
gible for curative treatment. This finding is consistent
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with previous studies of NSCLC that showed a dou-
bling of times, ranging from 20 to 300 days.61-166

4.2 Improving Timeliness of Lung Cancer Care

Few studies have demonstrated the effectiveness of
interventions to improve timeliness of care. In one
study, shorter times to surgery were observed follow-
ing implementation of a nurse-led redesign of tho-
racic surgical care services at a single center in London,
England.'¢” The redesign included a detailed analysis
of the local care process, restructuring of referral pat-
terns, and a hospital-wide educational initiative. Sim-
ilarly, a telemedicine-based intervention improved
access to surgery and time from referral to operation
in another study from the United Kingdom.!6 Two
other studies from the United Kingdom reported
reductions in time to treatment using a two-stop diag-
nostic process for patients with suspected lung cancer.
In an uncontrolled prospective study, 275 patients
treated at a single tertiary-care facility underwent
imaging tests, biopsy, or both at the initial visit, and a
treatment plan was developed during a multidisci-
plinary meeting within 3 days.'®® The median time
from first specialist visit to surgery was reduced by
50%, and the overall successful surgical resection rate
improved from 10% in historical controls to 25%. In
a subsequent randomized controlled trial, the two-
stop process reduced time from first presentation to
treatment by >50%.!7

Studies of other interventions have yielded disap-
pointing results. A retrospective study of 345 US vet-
erans that compared usual care with care provided in
a multidisciplinary clinic found no differences in times
to diagnosis or survival.’’s A larger retrospective study
of 1,044 patients with suspected lung cancer referred
to a single facility during the 12 months prior and
24 months after introduction of the British Department
of Health urgent referral guidelines found that the
median time from referral to first visit with a respira-
tory specialist actually increased from 7 to 9 days, and
the frequency of false-positive referrals for findings
not related to lung cancer increased from 22% to
54%’162-165,171

4.3 Recommendations From Other Sources

Other organizations have published specific recom-
mendations for timeliness. The British Thoracic
Society recommends that all patients with suspected
lung cancer be evaluated by a respiratory specialist
within 7 days and that the results of diagnostic tests
be communicated to the patient within 2 weeks.!™ In
a quality indicator published for lung cancer care,
the RAND Corporation specifies that a diagnosis of
lung cancer should be established within 2 months of
presentation and that treatment should begin within
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6 weeks of diagnosis.'™ Although efforts should be
made to provide timely care, these should be balanced
by the need to attend to other dimensions of quality,
including safety, effectiveness, and consistency with
patient values and preferences. Analysis of practice
patterns and identification of local barriers to the
delivery of timely care should be undertaken so that
local interventions can be developed and deployed.

4.4 Recommendation

4.4.1. For patients with known or suspected lung
cancer, we suggest that the delivery of care be
timely and efficient (Grade 2C).

Remark: Interventions to improve timeliness should
be developed locally by addressing barriers to provid-

ing timely care that are specific to the local setting.

Remark: Efforts to improve timeliness should be bal-
anced with the need to attend to other dimensions of
health-care quality.

5.0 IMPACT OF MULTIDISCIPLINARY
GROUPS ON PATIENT OUTCOMES

After the initial evaluation is complete, staging and
diagnosis need to proceed, often in parallel. Opti-
mal diagnostic, staging, and treatment strategies will
depend on the patient’s comorbid conditions, physi-
ology, extent of disease, and preferences. State-of-the-
art care will therefore require the input of a wide
variety of disciplines, including pulmonology, tho-
racic surgery, medical oncology, radiation oncology,
pathology, and radiology. Coordination of care in this
complex context may be difficult, resulting in delays
in treatment, fragmented care, poor care coordination,
and patient frustration.

Therefore, one key component of the initial evalu-
ation must be to rapidly and efficiently bring patients
with lung cancer into a system of care that integrates
all the relevant disciplines while not being excessively
slow or costly. Some of these disciplines are more
related to diagnosis, whereas others are related to
treatment and still others to palliation. However, it is
important to consider them together and up front
because future treatment options often have an impact
on the optimal diagnostic strategy.!™ Conversely, the
quality of the information obtained from diagnostic
procedures often affects or limits future treatment
decisions. How the system of care is organized may
therefore be a significant determinant of outcome.
Indeed, practice guidelines for lung cancer in several
countries recommend that multidisciplinary teams
be used to plan the management of all patients with
lung cancer.!72175-177
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However, although multidisciplinary care is widely
advocated, there is limited evidence about the effi-
cacy of a multidisciplinary approach. We conducted a
literature search to address the issue of whether mul-
tidisciplinary team management compared with con-
ventional care improved survival in patients with
known or suspected lung cancer. Detailed search cri-
teria and the results are presented in Figure S1.

Only one randomized trial was identified.'™ This
was a pilot study of 88 patients in the United Kingdom
that compared standard of care with rapid assess-
ment. Eligible patients were defined as those with
possible lung cancer who could tolerate a CT scan
and biopsy procedure. Patients were randomized to
standard of care at one of three local district general
hospitals or to a rapid assessment at a centralized
hospital. The standard of care was itself a multidisci-
plinary team consisting of the lead lung cancer and
chest physicians at the local hospital. In the standard
of care arm, patients had a bronchoscopy at week 1,
a CT scan in 2 weeks, a discussion of the case the
following week, 1 more week for referral, and then
1 week for scheduling of surgical outpatient proce-
dures or referral. Optimal timing was considered
6 weeks. Patients in the rapid assessment arm were
admitted as day cases for CT scan and tissue biopsy,
with results reviewed 3 days later at a meeting that
included oncologists, radiologists, thoracic surgeons, a
palliative care team representative, and a study coor-
dinator. If the patient was found to have lung cancer,
referral for treatment was to be initiated, with optimal
timing being considered 2 weeks maximum. There
was no difference in survival (P =.7). Patients in the
rapid assessment arm were more likely to receive
chemotherapy (P = .03), and there was a significant
improvement in time from presentation to treatment
(3 vs 7Tweeks, P =.0025). However, there was no sig-
nificant difference in time from diagnosis to the start
of radical treatment.

Three other single-center studies used a before-and-
after design to evaluate the use of multidisciplinary
teams relative to survival.'™150 A single-center study
in the United Kingdom evaluated survival before and
after the appointment of a specialist thoracic surgeon.!®
A weekly multidisciplinary meeting was established
at the same time. Although 2,891 patients received a
diagnosis of lung cancer during the 6-year period of
the study, only the 240 patients who underwent sur-
gery were included in the analysis. Surgical resection
rates increased (P <<.001), and the types of surgeries
performed changed from predominantly pneumo-
nectomies to lobectomies (P <.001). There was no
difference in hospital mortality and 1- and 5-year sur-
vival rates. A single-center UK study evaluated survival
preintroduction and postintroduction of a multidisci-
plinary team in patients with inoperable NSCLC.!™
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Complete staging was performed in 70% of patients
in the preteam period and 81% of patients in the
postteam period (P =.035). Only patients who had
complete staging were included in the study. Median
survival improved from 3.4 to 6.6 months. A single-
center US study evaluated survival before and after
opening a cancer center connected to a community
hospital.! Whether a multidisciplinary team approach
was used in the period preceding the opening of the
cancer center was not reported. Lung cancer survival
improved once the cancer center was opened (5-year
survival, 16%-19%; median survival, 11-13 months;
P=.12).

Overall, our systematic review of the literature
identified few studies assessing the impact of multi-
disciplinary care on lung cancer survival. Those stud-
ies identified were of limited quality, the populations
and problems studied varied widely, and the strength
of inference for many of the studies was suspect. The
definition of multidisciplinary teams varied signifi-
cantly between studies, as did the comparators. The
problem context also varied significantly, with some
studies evaluating the impact of teams on patients
undergoing a diagnostic workup'™ and others focus-
ing primarily on the impact of teams on patients under-
going treatment.!™1% Studies of patients undergoing
treatment also varied, with some focused on surgery'
and others on nonsurgical options.'™ In addition,
although some reports inferred that it was the multi-
disciplinary team that accounted for differences in
outcome, the impact of the team often could not be
separated from other confounders, such as organiza-
tional and system-level changes that were made as a
result of the intervention or changes in treatment
protocols over time.'™17 For example, in the one
randomized trial, most of the benefits in terms of time
to treatment seemed to result simply from changes in
scheduling and a new care pathway rather than from
the multidisciplinary discussion itself.!™ In other reports,
the training of the health-care providers was not the
same, possibly accounting for differences in types of
surgery and outcome.'® For secondary outcomes, such
as waiting times, patient satisfaction, and quality of
life, the evidence was similarly limited.s!

Given the heterogeneity of definitions, patient popu-
lations, clinical contexts, and confounders, it is not
possible at this time to make a definitive evidence-
based statement on the impact of multidisciplinary
teams on outcomes. To do so would require a more
precise definition of the problem context (diagnosis,
staging, or treatment), the patients being treated, the
makeup of the team, and the comparators.

It is reasonable to recommend that providers look
at practice organization and evaluate how it affects
outcomes locally. Variables related to practice organi-
zation can be thought of as system-level variables.
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One of these system-level variables is whether a mul-
tidisciplinary team is used for various tasks. As the
previous discussion highlights, there are many other
system-level variables that also are probably impor-
tant, such as availability of specialty services, resourc-
ing for vital functions, care pathways in place, and the
makeup of the team. At a minimum, we suggest that
multidisciplinary teams comprise representatives from
pulmonary, thoracic surgery, medical oncology, radi-
ation oncology, palliative care, radiology, and pathology.
It is highly probable that the impact of multidisciplinary
teams is greatly affected by these other variables.
The impact of multidisciplinary teams when used
for direct patient management will also change depend-
ing on the problem. For example, multidisciplinary
team management may be very useful in patients with
complex conditions who require multimodality treat-
ment. However, in cases that are more straightfor-
ward and in cases that have not yet been completely
staged, multidisciplinary team management may not
be as beneficial and may only result in more delays.
As such, it is probably prudent to organize practices in
such a fashion that multidisciplinary team approaches
are used when they can be of maximum benefit, spe-
cifically in complex management cases. In relatively
straightforward cases and in those without a clear
cancer diagnosis or when staging is incomplete, other
methods of practice organization may be more suit-
able (eg, care pathways). Input from multiple disci-
plines will still play a vital role in developing these
pathways, but that is distinct from the role of multi-
disciplinary teams in direct patient management.

5.1 Recommendation

5.1.1. For patients with lung cancer who require
multimodality therapy, we suggest using a mul-

tidisciplinary team approach (Grade 2C).

Remark: We suggest that multidisciplinary teams have
representatives from pulmonary, thoracic surgery,
medical oncology, radiation oncology, palliative care,

radiology, and pathology.
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