Preoperative work up for
Lung Cancer Surgery




Clinical presentation on Lung Cancer Patients
Anatomical staging of Lung cancer

Physiologic staging of Lung cancer
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Clinical presentation

= Symptomatic lung cancer: 95%
27% primary cancer related,
32% metastatic related,
34% non specific

= Asymptomatic: 5%

= Caustic factor: stage at presentation
tumor anatomic location
tumor histology
tumor biology



Pulmonary
manifestations

—— Dyspnea

— Cough
—— Hemoptysis

— Wheezing

Atelectasis

—— Pneumonic symptoms

Pneumonia

____ Lung abscess



Nonpulmonary
thoracic
manifestations

Phrenic nerve paralysis

— SVC syndrome
—— Pancoast syndrome

— Voice change

— Dysphagia

—— Back pain

Dyspnea Pleura/Pericardial effusion
Pneumothorax
r— Pleuritic?
— Chest pain Localized?
— Radicular?




Pancoast syndrome<Superior sulcus tumor

Shoulder pain< direct invasion of rib and muscle

Radicular arm pain € invasion of C8/T1 nerve
root of brachial plexus

Horner’s syndrome(enophthalmos, ptosis,
miosis,anhidrosis by satellite ganglion invasion)



—— Joint pain

Paraneoplastic ——— Clubbing

syndromes

L Muscular weakness

Bone pain

Metastatic —2— Neurologic symptoms

manifestations

L Weight loss



—— ANorexia

Nonspecific ——— Fatigue
manifestations

L Weight loss
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Seventh Edition

_______ /M
Tl (SZ cm) Tla
Tl (>2~3 cm) T1b
TZ (<5 cm) T2a
2 (>5~7 cm) T2b

TZ (>7 cm) T3
T3 invasion
T4 (same lobe nodules)
T4 (extension) T4
M1 (ipsilateral lung)
T4 (pleural effusion) Mla
M1 (contralateral lung)

1 (distant) MI1b




[Lymph node mapping

N1 NODES

10 - Hilar

11 - Interlobar
12 - Lobar

Brachiocephalic 13 - Segmental

(innominate) a. N2 NODES

1 - High mediastinal

2 - Upper paratracheal
3 - Pretracheal
% 4 - Lower paratracheal
A 5 - Aortopulmonary
j ) 6 - Pana-aortic
N 7 - Subcarinal
' Ligamentum 3 ! 8 - Paraesophageal
Azygos v O\ 5 ' arteriosum 9 - Pulmonary ligament

A/

N3 NODES

Contralateral paratracheal
Supraclavicular
Scalene

Pleural reflection ® Union Internationale Contre Cancer map. Sites of pulmonary lymph node

a American College of Surgeons Oncology Group lymph node mapping schema showing  drainage with numeric designations for each site. (From Naruke T, Suemasu K, Ishikawa S:
anatomic boundaries of each lymph node station. (Reprinted with permission from the American College  Lymph node mapping and curability at various levels of metastasis in resected lung cancer.
of Surgeons.) J Thorac Cardiovasc Surg 76:832, 1978.)
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Diagnostic Tools

= T stage: chest x-ray, chest CT,
bronchoscopy, PET-CT, (MRI)

= N staging: chest CT, PET-CT
TBNA, EBUS-TBNA,
mediastinoscopy, mediastionotomy

= M staging: physical exam, bone scan,
brain CT(MRI), PET-CT



Enlarged LL.N. on chest CT

= Positive CT result(> 1cm): 70% actual metastasis
- histological confirm

= False-negative rate less than 10% in negative CT
result(< 1cm)

> T1/T2 + negative CT result: histologic confirm(?)
(mediastinoscopy?)

cf. 28% false-negative rate on central T3
- histological confirm(Daly et al. JTCS 94;664 1987)
cf. High rate of early metastasis in T1 adenoca, large cell ca



' Mediastinoscopy/Mediastinotomy

Histologic diagnosis
Accurate determine the N2

Identify extranodal extension of tumor/
involvement of contiguous structure(trachea/ aorta)

Identify N3

o

)

Indication
1. L.N. enlargement more than 1cm on preop CT

2. Potential entry to neoadjuvant therapy protocol

3. Negative CT result in T2, T3 tumorand T1
adenoca/large cell ca(relative)



-

' Mediastinoscopy/Mediastinotomy

Routine mediastinoscopy (with negative CT scan)

= Low complication rate

= Resectable N2 without neoadjuvant Tx(single station,
ipsilateral, lower paratracheal, no extracapsular extension

= High rate of thoracotomy(curative resection)
= 10-15% false negative rates on chest CT

Selective mediastinoscopy
= High rate of negative mediastinoscopic examination(70%)

= Possible complete resection of unsuspected N2
% unsuspected N2: 8.9% (mostly inaccessable site; post

subcarinal, periesophageal, anteroir mediastinal_)



EBUS (+ TBNA)

= 2007 ACCP:
invasive staging

mediastinoscopy Xl in
stage II or central cancer

= 2009 NCCN:

IIIB XIE® SHS2A
SO 2 AR

= Node: 1R, 1L, 2R, 4R, 7,
10, 11(+)
5/ 6/ 8/ 12(_)

= Sensitivity 95%, specificity
100%




EBUS(+TBNA) 3£

H &2 &,
peripheral lung cancer
central parenchymal lung cancer, bronchoscopy(-)
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PET N2(+) lung cancer: 212& 93%, 85 %£97%, 40U ==291%
PET N2(-) lung cancer: 21Z& 89%, S 40 == 98.9%
—adenocarcinoma/ >5mm mediastinal node

Restaging the mediastinum after CCRT
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Mediastinal mass



EBUS (+ TBNA)
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Table 7. Cumulative Diagnostic Values of EBUS-TBNA Shown by the Number of Aspirations

Aspirations, No.

Variables I | 2 3 4 l
Sensitivity 69,8 (30/43) 83.7 (36/43) 95.3 (41/43) 5.3 (41/43)
Specifici t'j-' 100 (83/83) 100 (8383 100 (83/83) 100 (83/53)
PPV 100 {30430 ) 100 { 36/36) 100 (417413 100 (41/41)
NPV 585 (83/96) O2.2 (8300 a7 .6 (83/55) 97.6 (83/85)
Accuracy S9.7 (113/126) 944 (1197126) G54 (124/126) 98,4 (124/126)

*Data are presented as % ( NoJtotal). We considered inadequate samples as negative resu lts.
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PET-CT

dMARE, S %ﬁ -18 fluordeoxyglocose(FDG)
HEMEE BAME r TSI S,
%*EoH(egcolyss) | =CF.

PET-CT: CT oH—.—oUH ?E(node size)
+ PET J|=s& 12 (metabolism)

Granulomatous lesion(tuberculoma, histoplasmosis,
rheumatoid nodule), inflammatory diseaselll M &

J[Jt 1-1.2cmEZLF =& g0l ¢tE =5 UL,
False (+) 20%, false (-) 20%
Carcinoid tumor, bronchioloalveolar carcinoma: PET(-)
PET detect unexpected distant meta in 10-15% NSCLC
& unexpected mediastinal node meta in 10%

S22 = PET-CT(-): =& mediastinoscopy Al &otXl 20t& &.
A& 0l AR = invasive test(mediastinoscopy or EBUS) e



Mediastinal staging of lung cancer: novel concepts

Kurt G Tournay, Steven M Kefler, Jouke T Annema

Clinical TNM staging is the standard method used to decide treatment for patients with non-small-cell lung cancer.
Although integrated fluorodeoxyglucose (FDG) PET CT increases the accuracy of staging, it only guides direct tissue
sampling. Histological assessment of mediastinal lymph nodes has traditionally been done with mediastinoscopy, a
surgical procedure. Endobronchial and oesophageal ultrasound-guided lymph node sampling have been assessed as

additions or alternatives to mediastinoscopy. We review endosonography and surgical staging, and show that both

havea place in the mediastinal staging of lung cancer. We conclude that mediastinal tissue staging should preferentially
start with a complete endosonographic assessment. A surgical mediastinoscopy should be reserved for those in whom
the endosonography result is negative. Further refinement of this recommendation is likely in the near future because
data suggest that the confirmatory mediastinoscopy is particularly useful for patients with enlarged or FDG-avid
lymph nodes.

Lancet Oneal 2012; 13:2221-29

Ghent University Hospital,
Department of Respiratory
Medicine and Thoracic
Oncolagy, Ghent, Belgium

(K- GTournay MDY,

Albert Einstein College of
Medicine, Thoracic Surgery
Weiler Division, Broreg, New
York, NY, USA (5M Keller MDj;
Leiden University Medical
Center, Department of
Reswiratom Medicine. Leiden.



EDMC

Design Patients Recetved Analysed (n) M2orN3 Sensitivity (%; 05% Cl) NPV {%; 95% CI)
enrolled {n) EUS-FNA and prevalence (%)
EBUS-TENA (n)
Ohnishi, ® 2011* Cohort 120 115 110 28% 849 (67-93) O4% (B7-97)
Anmema, 2010 RCT 242 123 {1 group) 123 Cd% 80 (74-92) 8o (75-92)
Hwangbo“ 2010t Cohort 150 149 143 3% Q1% (78-97) Q6% (0-08)
Herth,# 20101 Cohart 150 150 130 51% 6% (88-00) 6% (38-00)
szlubowski # 2010* Cohaort 120 120 120 23% B8 (48-84) Ol% (83-06)
Wallaze,* 2008 Cohart 138 138 138 30% 03% (51-99) 97 % (91-99)
Rintoul 2 20053 Cohart 20 7 7 L7% 75% (19-99) 75% (19-99)
Wilmann,® 2006+ Cohort 33 31 28 71% 100% (83-100) 100% (63-100)

95% Cls were taken from theartice, or if not provided, were calculated with binomial expansion. RCT=randomised controlled tral. NP =negative predictive value.
BLI5-FNA=endoscopic ult rasound- guided fine- neadle aspiration. EBUS-TENA=endobronchial ultmsound with real-time-guided tmnsbronchial needle aspiration.
PET=paositran emission tomography. CT=computed tomography. *Prevalence of malignant nodal metastasis was low because Ohnishi® included any cinical T<4MeMO after
imaging while Szlubowski* induded cnly patients with normal mediastinal nodes (selected with CT, no PET CT available). TEUS-FMA and EEUS-TEMA done with asingle
(EBUS) endoscope. $Feasibility mports, not trials assessing test characteristics.

Table1: Stwdies of complete endosonography to stage the mediastinum

P Obvious T4 or bulky nodal disease
Mo invasive staging
. | Peripheral lung lesion (=3 o) with oot enlarged neaded
— " | intrathoracic nodes and no FDG uptake in the nodes
MSCLC clinical MO
{CT and FDGPET) || — —
. | Suspected mediastinum by imaging o | Complets - if endosonography shows no N2 ar N3
" | Enlarged mediastinal nodes or FDG-avid mediastinal nodes " endosanography dizzase, then surgical mediastinoszopy
Unsuspected mediastinum by imaging Lf.endnanigmphy_shi:ws dn_'j::_z or N3
P Enlarged hilar nodes, FOG-avid hilar nodes, centrally located py Complete | CS=asE, BILIETSUIZIE] MAClastiost gy,
tumaour, or primary tomourwithout FDG optake endosanography Dth-:uraL-;iDm}rWl’ch nodal sampling
i or dissaction

Figure 4: Proposed algorithm for mediastinal staging in patientswith non-metastatic non-small-cell lung cancer based on CT PET findings
CT=computed tomography. PET=positron-emission topography. FDG=flucrodecxyglucose. MSCLC=non-small-cell lung cancer.




Investigation and Management
of Nodules Less than One
Centimeter in Size



Benign vs Malignant

= Most of pul. Nodules
— Postinflammatory change

— Calcification is the most definitive finding for
benign inflammatory lesion

= Malighant
— Diffusely calcified nodule



O ¢

Central Laminar Popcom/ Chondroid
Calcification Calcification ::ajmfmatun Calcification

Potentially Malisnant SPN Calcification Patterns

& (S

Spec kled Eccentric
Calcification Calcification



" |dentification of new subcentimeter
nodule (< 8 mm in diameter)

7 lYes

Does the patient have risk
factors for lung cancer?

SN

‘ . . | . =
Characterize according Characterize according
| to nodule size

to nodule size

|

57 < N >4to >6 to
- S4mm I% gﬁg | <>86rr:?n | s4mm | 5mm L <emm?

/ /

Follow-up Imaging in: Follow-up Imaging in:

F/U 12 mo.; 6-12 mo.; 12 mo.; 6-12 mo.; 3-6 mo.,
optional if stable no if stable, F/U if stable no if stable, F/U || if stable then
additional at 18-24 mo. additional at 18-24 mo. || at 9-12 and,

F/U F/U 24 mo.




New, solid, indeterminate nodule on chest CT, 8 mm to 30 mm

v

Assess surgical risk

<.f
Low to moderate T—ﬁ
¢ *()r i
Assess clinical Non-surgical CT sur-
probability of cancer biopsy* veillance
Very low  Low/Moderate High Malig- Non- Specific
(£5%) (5-65%) (>65%) nant diagnostic benign
PET to assess Standard stage T Specific
nodule evaluation (+PET) surveillance | | treatment
Negative Moderate
or mild or intense No T+ N2.3
uptake uptake metastasis ’
v Chemotherapy or
CT Non-surgical Surgical SBRT chemoradiation
surveillance biopsy resection or RFA (after biopsy)




Assessment Criteria

Probability of Malignancy

Low (<5%)

Intermediate (5%- 65%)

High (> 65%)

Clinical factors alone
(determined by clinical
judgment and/or use
of validated model)*

Young, less smoking, no prior
cancer, smaller nodule size,
regular margins, and/or
non-upper-lobe location

Mixture of low and high
probability features

Older, heavy smoking, prior cancer,
larger size, irregular/spiculated
margins, and/or upper-lobe location

FDG-PET scan results

Low-moderate clinical probability
and low FDG-PET activity

Weak or moderate
FDG-PET scan activity

Intensely hypermetabolic nodule

Nonsurgical biopsy results
(bronchoscopy or TTNA)

Specific benign diagnosis

Nondiagnostic

Suspicious for malignancy

CT scan surveillance

Resolution or near-complete
resolution, progressive or persistent
decrease in size.” or no growth
over 22 y (solid nodule)
or 2 3-5 y (subsolid nodule)

NA

Clear evidence of growth




Definitive Diagnosis

= CT-guided FNAB
= Transbronchial Bx

= VATS Bx with Marking tools
— Needle
-~ Methylene blue
— intraoperative ultrasound (gamma probe)

— Technetium-99m (percutaneous or
transbronchial)



Physiologic staging

= Age
= Pre-existing lung condition(lung function)
= Cardiovascular fitness
= Nutrition and performance status
(recent weight loss)
= Smoking
= Obesity
= Patient attitude toward the disease



Age

= Perioperative morbidity increase with advancing
age 2>preop careful assessment of co-morbid

= Clinically stage I, II over 70yrs: same with
younger patients(beyond stage II, survival is
Very poor)

= In Stage I, over 80 is not contraindication to
lobectomy

" Pneumonectomy is higher mortality risk(6-36%)
in elder, Age should be a factor in deciding
suitability for pneumonectomy



EDMC

TABLE 2-1 Scales for Assessing Individual Performancea Status

Grade  ECOG' Score  Kamofsky®
0 Fully active, able to carry on all predisease perfonmance 100 Mommal, no complaints; no evidence of disease
without restriction a0 Able to carmy on nomal activity; minor signs or symptoms
of disease
1 Restricted in physically strenuous activity but ambulatorny B0 Mommal activity with effort; some signs or symptoms of
and able to camy out work of a light or sedentary nature dizease
(e.g., light housswork, office waork)
2 Ambulatory and capable of all self-care but unable to 70 Cares for self; unable to camy on normal activity or to do
carmy out any wiork activities; up and about more than active work
50% of waking hours Reqguires occasional assistance, but is able to care for most
personal needs
3 Capable of only limited self-care; confined to bed or Requires considerable assistance and frequent medical
chair more than 50% of waking hours care
4 Completely disabled; cannot carmy on any self-care; 40 Dizabled; requires special care and assistance
totally confined to bed or chair 30 Saverely disabled; hospital admission is indicated although
death is not imminent
20 Wery sick; hospital admission necassary; active supportive
treatment necessary
10 Moribund; fatal processes progressing rapidly
o Dead ] Dead
'Oken MM, Creech RH, Tormey DC, et ai: Toxicity and response criteria of the Eastern Cooperative Oncology Group. Am J Clin Oncol 5:649-655,
1982,
“Hollen PJ, Gralla RJ, Kris MG, et al: Measurement of guality of life in patients with lung cancer in multicenter trials of new therapies. Cancer
F3:2087-2008, 1984,




PET

Poor resp function->perioperative
morbidity/mortality
postop long term disability
poor quality of life
Additional test in poor, risk PFT test
Ventilation/perfusion scan(ppoFEV1,ppoDLCO)

VO,max
Sa0, after exercise

3 most important predictors of severe pul
complications: D,,, FEV1/FVC, A-aDO,



EDMC

History
Physical exam
Pulmonary function tests

e et

ppoFEV1% >40 ppoFEV1% <40
and or
ppoDLCO% >40 ppoDLCO% <40

PPOFEV1% <40 Quantitative perfusion scan

poses o Recalculate predicted values
ppoDLCO% <40

p02 >45 Arterial blood gas ppoFEV1% <20

and Exercise test or

pCO2 <60 ppoDLCO% <20

and

V02 >10

iy p0O2 <45

or

pCO2>60 . No resection
or

VO2max <10
Average risk: High risk: Prohibitive risk:
ppoFEV1% >40 ppoFEV1% 20 - 40 ppoFEV1% <20
ppoDLCO% >40 ppoDLCO% 20 - 40 ppoDLCO% <20
p0O2 >60 p0245 - 60 pO2 <45
pCO2 <45 pCO2 45 - 60 pCO2 >60
VO2max >15 VO2max 10 - 15 VO2max <10

Suggested algorithm for evaluating patients for their
suitability for major lung resection (ppoFEV) %: predicted postoperative
FEV) expressed as a percent of normal; ppoDLco %: predicted postop-
erative diffusing capacity expressed as a percent of normal; POg: POg
in mm Hg; PCOg: PCOg in mmHg; VOgmax: VOgmax in mL/kg per
minute).

Low FEV1 postbrochodilator
Low DLCO postbronchodilator

¥

Quantative perfusion scan
ppoFEV1, ppoDLCO

¥

Exercise test
250m walking
Arterial blood gas/O2sat 24

A 4

Peak oxygen consumption test

Absolute contraindication

for resection
‘ppOoFEV1 < 0.8 L

‘VO2max < 10ml/kg/min
«1CO2(cor pulmonale) in
pneumonectomy




Cardiovascular Fitness

All patients for lung resection should have preop ECG

All patients with audible cardiac murmur should have
echocardiogram

After MI, operation for lung resection should not done
within 6 weeks

MI within 6 month, ask cardiology opinion
CABG should not preclude lung resection

Pt with significant lesion on coronary angiography should be
considered for CABG before lung resection

All patient with history of stroke, TIA, carotid bruits, should
be assessed with carotid doppler



Cardiovascular Fitness

lable 3 Importance of multiple risk factors

Risk factors: High risk surgery (includes
intrathoracic)

Ischaemic heart disease
Congestive heart failure
Insulin dependent diabetes
Creatinine >177 uM/1

Number of factors* Major cardiac complications**
1.1%
4.6%

3 9.7%

W b=

*As intrathoracic surgery 1s classified as a risk factor, all patients
undergoing surgery for lung cancer have at least one factor.
**Myocardial infarction, pulmonary oedema, ventricular fibril-
lation or primary cardiac arrest, complete heart block.



Cardiovascular Fitness

Cardiac History

|
| !

Negative Positive
(angina, previous cardiac surgery,
vascular disease)

y
Exercise stress test

| |

Negative Positive >

Exercise - A suggested algorithm for

Thallium Positive investigating the cardiac status of all
patients over the age of 45 or those with
significant risk factors undergoing major
thoracic surgery. (Adapted from Miller JI:

Coronary . ¢ :
- = . . Preoperative evaluation. Chest Surg Clin
Stngeny Fixed defect angiography  North Am 4:701, 1992.)

. /
Negative 1




Weight loss, Performance status,

Nutrition

= Patient with preop wt loss >10% or more

= And/or WHO 2 or worse—>particular care staging
assessment

= Measure of nutritional status( body mass index,
serum albumin level)



DETERMINANTS OF POSTOPERATIVE
MORBIDITY AND MORTALITY*

Cardiac disease
Pulmonary disease
Tumor characteristics
Stage
Type
General medical conditions
Diabetes
Creatinine level
Hemoglobin level
Serum albumin level
Immnosuppressed status
Steroids
Chemotherapy
Other chronic illnesses
Weight loss >10%
Age >70
Anticipated surgery
Extent of resection
Additional procedures
Side of pulmonary resection (R > L)
Previous surgery

*Significant cardiopulmonary disease, late tumor stage, and
extent of resection appear to be the most significant determi-
nants.




