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Accurate staging is essential to the appropriate treatment of 
cancer. After histologic confirmation of a diagnosis of lung 
cancer come the questions: ‘what is the prognosis?’, ‘what 
are the best treatment options?’, ‘how likely is treatment 
to be successful?’, ‘will chemotherapy be necessary?’ The 
answer to each of these questions requires knowledge of 
the stage of the cancer. The tumor, node, and metastasis 
(TNM) system, our current means of staging lung cancer, 
serves many functions. It is the language with which 
we communicate the extent of a patient’s cancer across 
time and space, provides prognostic information, guides 
selection among treatment alternatives, and is a key aspect 
in selecting patients for clinical trials.

Advances in technology have improved the accuracy 
of clinical staging. Clinical staging incorporates all non-
invasive radiologic tests such as computerized tomography 

(CT), positron emission tomography (PET), magnetic 
resonance imaging, and bone scans (1,2). In the surgical 
resection population, in which distant metastasis has 
usually been ruled out, the most difficult staging problem 
is the accurate determination of nodal metastasis status. 
Radiologic determination of the size and extent of the 
primary tumor is fairly accurate, although delineating the 
T3-T4 border, i.e., determining whether a tumor that 
seems to extend to major mediastinal structures is actually 
invasive (T4) or merely abutting (T3), can sometimes 
only be resolved at thoracotomy. However, nodal status 
is the most important determinant of survival in the lung 
cancer patient who does not have distant metastatic disease, 
and the question of lymph node metastasis is less easily 
resolved by radiologic tests (1,3). Invasive clinical staging 
of mediastinal lymph nodes may be accomplished by 
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transbronchial needle aspiration, endobronchial ultrasound 
guidance, endoscopic ultrasound guidance, mediastinoscopy, 
video-assisted mediastinal lymphadenectomy, transcervical 
extended mediastinal lymphadenectomy or video-assisted 
thoracoscopy (2,4,5).

However, clinical staging tests have their sensitivity, 
specificity and accuracy limitations. The positive predictive 
value (PPV) for CT ranges from 0.16 to 0.88 and the 
negative predictive value (NPV) ranges from 0.54-0.83 (1). 
Specifically, normal sized lymph nodes by CT criteria may 
harbor metastatic disease and enlarged lymph nodes may be 
enlarged because of benign processes such as postobstructive 
pneumonia, histoplasmosis, and sarcoidosis. The likelihood 
of an enlarged mediastinal node being histologically positive 
is only 60% whereas 20% of normal sized nodes may harbor 
metastasis (6). Similarly, PET-positive nodes may have 
increased metabolic activity because of an inflammatory 
process whereas histologically positive nodes may be negative 
on PET because of low metabolic activity or low burden of 
disease. Although PET performs better than CT, with a PPV 
ranging from 0.40 to 1.00 and a NPV ranging from 0.71-1.00, 
the false-negative rate is approximately 20% for normal sized 
nodes. Conversely, enlarged nodes that are PET positive are 
falsely positive 15-25% of the time (1). Invasive tests have 

Table 1 Comparison of 5-year survival rates by clinical and 
pathologic staging in the International Association for the Study 
of Lung Cancer staging project cohort. Modified from ref (12)

5-year survival rate (%)

AJCC 6 AJCC 7

IA

Clinical 50 50

Pathologic 73 73

IB

Clinical 40 43

Pathologic 54 58

IIA

Clinical 24 36

Pathologic 48 46

IIB

Clinical 25 25

Pathologic 38 36

IIIA

Clinical 18 19

Pathologic 25 24

limits imposed by the reach of the instrument and the degree 
of effort applied by the operator, or what Frank Detterbeck 
has described as the ‘thoroughness of execution’ (7).

Recent studies have demonstrated the value of combining 
clinical staging tests in the pre-operative work up of 
patients (8,9). For this reason current staging guidelines, 
including Cancer Care Ontario’s Program in Evidence 
Based Care Practice Guidelines, recommend invasive 
mediastinal staging in the presence of either enlarged nodes 
on CT or “hot” nodes on PET to rule out false-positive 
imaging tests. These guidelines also recommend invasive 
mediastinal staging even with a negative CT and PET 
for high risk tumors (defined as central, large, T3/T4, or 
adenocarcinoma) (10).

For all the advances in clinical staging options, the most 
accurate determination of stage in patients who are able 
to undergo surgical resection comes from examination of 
the resection material obtained at thoracotomy (pathologic 
staging) (11). Comparison of the 5-year survival rates in 
groups of patients who are staged by clinical and pathologic 
means reveals a 5-23% higher survival in patients with 
pathologic stage I, II, and IIIA over those with the identical 
clinical stage (Table 1) (12). This difference is independent 
of the combination of descriptors used to assign aggregate 
stage, and is probably partly explained by the ‘Will Rogers 
phenomenon’, in which improved staging accuracy leads 
to more accurate assignment of low risk patients into low 
risk groups and upstaging of seemingly low risk patients 
with subtle metastatic disease into higher risk categories, 
thereby improving the aggregate outcomes of the higher 
risk cohorts (13). Pathologic staging is therefore our most 
accurate prognostic tool in lung cancer.

However, current pathologic staging of lung cancer 
remains insufficiently discriminatory of future patient 
outcomes. For example, the 5-year survival of patients with 
resected stage IA non-small cell lung cancer (NSCLC) is 
73%, meaning the mortality rate of the lowest risk cohort 
is 27% (Table 1) (12). Although lymph node metastasis is 
our most powerful prognostic determinant in the surgical 
resection population, the 5-year survival of patients with 
pathologic N0 NSCLC is 56%, meaning that 44% of patients 
with apparently low risk disease die within 5 years (14). Are 
these poor results solely due to the biologic aggressiveness of 
lung cancer (or the frailty of the lung cancer patient), or do 
they reflect other problems such as limitations of the TNM 
staging system as a prognostic tool, or, very importantly-
because of the opportunity for corrective intervention-poor 
application of the prognostic tool?
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Determining the stage-relevant characteristics of the 
primary tumor (its size and extent of direct invasion) 
is relatively straightforward for the pathologist. In the 
surgical resection population, distant metastasis usually 
being inevident, the most important pathologic staging 
problem is determining lymph node metastasis status. This 
requires the collaborative efforts of the surgeon (to retrieve 
the hilar and mediastinal lymph nodes, and to accurately 
communicate the provenance of all lymph node specimens 
to the pathologist for accurate mapping) and the pathologist 
(to examine all lymph nodes in the resection specimen, both 
those directly provided by the surgeon and those indirectly 
provided within the lung resection material). There is 
compelling evidence that this collaborative effort frequently 
breaks down, to the detriment of patients.

At one extreme, 13% of all curative-intent resections 
(and 18% of resections for ‘node-negative disease’) have no 
lymph nodes examined (15). The survival of patients with 
pathologically ambiguous nodal stage (pNX) approximates 
very closely to that of patients with pN1, not pN0 
disease (when pN0 is defined as actually having at least 
one examined lymph node), suggesting that a significant 
proportion have missed lymph node metastasis (15). 
Secondly, 40-50% of all curative lung cancer resections 
in large North American databases have no mediastinal 
lymph nodes examined (16,17). Indeed, 63% of resections 
for mediastinal node negative (pN0 or pN1) disease in the 
US Surveillance, Epidemiology, and End Results (SEER) 
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Figure 1 Number of lymph nodes examined after surgical 
resection of ‘lymph node negative’ non-small cell lung cancer. US 
Surveillance, Epidemiology and End Results Database 1998 to 
2009. Obtained from ref (15) 

database from 1998 to 2009 had no mediastinal lymph nodes 
examined, leading to a 14% survival deficit (17). To put 
this survival impact in perspective, the estimated absolute 
survival benefit of post-operative adjuvant chemotherapy is 
about 5.4% (18). This problem is not unique to the US (19).

Furthermore, and more subtly, most patients with 
pathologic N0 disease cluster at the low end of the total 
lymph node number spectrum, with a median lymph node 
count of 6 in the US (Figure 1) (20). Patients with fewer 
than 6 lymph nodes have a significantly worse survival than 
matched patients with greater than 6 lymph nodes despite 
ostensibly having the same pathologic stage (21,22). Hence 
the recommendation in the 7th edition of the AJCC/UICC 
staging guidelines for examination of at least 6 lymph nodes 
and 3 nodal stations (23). However, this recommendation 
is probably insufficiently stringent because of evidence 
of sequential improvement in survival of patients with 
pathologic N0 disease with increasing number of lymph 
nodes examined, with the optimal number being ‘greater 
than 10’ and possibly as high as 18 to 21 (20,24-26). It is 
therefore unsettling that fewer than 15% of all pN0 lung 
cancer resections in large US databases have examination of 
greater than 10 lymph nodes. Even in patients with lymph 
node metastasis, there is prognostic value to the number 
of lymph nodes examined, both in helping determine the 
absolute number of lymph nodes with metastasis and in 
determining the ratio of positive and negative lymph nodes 
(27-32).

The etiology of suboptimal nodal examination has been 
the subject of recent investigation. Conceptually, it appears 
reasonable to separate the origin of the problem into three 
sites: events during the surgical operation (such as the 
hilar and mediastinal lymph node harvest), events during 
the transfer of specimens from the operating room to the 
pathology laboratory, and events during the pathology 
examination. Clearly, when surgeons do not harvest hilar 
and mediastinal lymph nodes, pathologists have no access to 
material for a thorough staging examination. Therefore, the 
solution to the problem of non-examination of mediastinal 
lymph nodes might be best achieved by focusing on 
intraoperative events. However, surgeons frequently 
complain that the specimens they submit are not completely 
examined. This assertion may be supported by ‘before 
and after’ intervention studies in which use of pre-labeled 
specimen collection kits improves the quality of pathologic 
staging, with a reversion to pre-intervention levels during 
the intervention phase in cases when the kit is inadvertently 
unavailable (33).
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It therefore seems plausible that the communication 
between surgeons and pathologists during the transfer 
of specimens needs to be improved. Solutions might 
range from prevention of specimen loss in transit (34), to 
improved labeling of specimens in order to improve the 
ability of pathologists to determine the source and nature 
of submitted materials (35). Both of these factors (loss of 
specimens in transit, and inadequate specimen labeling) 
may impair the pathologic examination and lymph node 
mapping. The foregoing notwithstanding, the gross 
dissection of lung resection specimens for intrapulmonary 
lymph nodes may be an opportunity for pathology-centered 
quality improvement (36). For example, 10% of patients 
with one or more lymph nodes examined have no N1 
lymph nodes, meaning that but for the mediastinal lymph 
nodes provided by the surgeon, there would have been no 
nodes examined in the resection specimen (37). Pathologists 
not infrequently omit the pathologic nodal stage in the 
report summary, or make errors in stage attribution, such as 
labeling N1 disease as N2 and vice-versa. This combination 
occurred in 33% of pathology reports in one city-wide audit 
of lung resection pathology reports (38). The very existence 
of the 12-18% pNX population is the clearest illustration of 
the possibility of concurrent glitches in intraoperative and 
pathology processes.

All of this naturally raises the question: what is 
the optimal surgical resection and pathologic staging 
procedure? We shall not engage the debate about the 
extent of resection and whether, or not, sublobar resection 
is oncologically sound in lobectomy candidates, a topic 
that remains the subject of ongoing clinical trials in 
North America (Cancer and Leukemia Group B 140503, 
clinicaltrials.gov #00499330) and Japan (Japan Clinical 
Oncology Group 0802/West Japan Oncology Group 
4607L); Nor shall we address the looming controversy 
about the appropriateness of lobar resection in patients with 
low grade lesions such as adenocarcinoma in-situ, minimally 
invasive adenocarcinoma and ground glass opacity (39); Nor 
shall we discuss the definition of an oncologically complete 
resection for lung cancer, a topic of much interest which has 
been provocatively addressed in the recent past (40). Our 
focus is primarily on the lymph node staging problem.

The optimal surgical lymph node staging procedure 
has been partially clarified by the landmark American 
College of Surgery Oncology Group Z0030 trial which 
compared the long-term survival of patients with clinical 
T1-2, N0-1 NSCLC who underwent a fastidious, pre-
specified systematic sampling procedure versus a more 

extensive mediastinal nodal dissection (41). Although 4% 
of patients in the extensive dissection arm had lymph node 
metastasis that had been missed by the systematic sampling 
procedure, there was no difference in recurrence free- or 
overall survival between the two groups. Early data analyses 
from this trial established the safety of mediastinal lymph 
node dissection in both academic and community care 
settings (42). It also revealed that surgeons’ attention to 
the mediastinal lymph node harvest procedure provides 
a much higher lymph node yield than usually obtained—
a median of 18 additional lymph nodes were collected in 
the mediastinal lymph node dissection arm (two-thirds 
of which were N2 lymph nodes), 6 or more nodes were 
examined from a minimum of 3 nodal stations in >99% of 
patients, and a minimum of 10 lymph nodes were examined 
from at least 3 nodal stations in 90% of patients (43). Most 
importantly, ACOSOG Z0030 definitively established the 
adequacy of systematic sampling as an oncologically sound 
mediastinal lymph node staging procedure in patients with 
relatively low risk early stage NSCLC and is now oft-cited 
in support of a pathologic staging strategy short of formal 
mediastinal nodal dissection (44).

However, it is important that we interpret Z0030 in 
the right context. First, the eligibility criteria specifically 
excluded patients with cT3 and T4 tumors, and those 
with hilar or mediastinal lymph node metastasis on frozen 
section analysis of the lymph nodes collected after the 
rigorous systematic nodal sampling procedure. Therefore, 
the results of this trial must not be misinterpreted as proof 
of equivalency between the two nodal dissection procedures 
in higher risk patients, such as those with clinically more 
advanced disease, because the results may be dissimilar 
in these patients. Secondly, this trial cannot be cited in 
support of the idea that noninvasive staging (with CT and 
PET) is a substitute for surgical mediastinal lymph node 
staging. It must be emphasized that all patients in Z0030 
received a fastidious nodal sampling procedure, which 
included sampling of lymph nodes from stations 2R, 4R, 
7 and 10R for right-sided tumors and stations 5, 6, 7 and 
10L for left sided tumors regardless of lymph node size 
or metabolic activity. The randomization to cessation of 
further nodal dissection versus complete mediastinal lymph 
node dissection was performed only after establishment of 
histologic node negativity in stations 2-10, and the survival 
analysis included only patients who met the stringent quality 
criteria for the nodal sampling procedure. Z0030 cannot 
be used to justify a strategy of either no mediastinal nodal 
sampling (which is the experience of a large proportion of 
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patients who undergo resection in US databases) (16,17) or 
random sampling (the experience of the vast majority of all 
others) (45).

A prior study by Wu et al. corroborates the veracity 
of the above observations (46). In this study, 532 patients 
with clinical stage I, II or III NSCLC were randomized 
to either mediastinal lymph node dissection or to a nodal 
sampling procedure that was much less thorough than 
Z0030, requiring hilar nodal dissection, routine harvesting 
of station 7 and inspection of stations 1-9 with only removal 
of ‘nodes with suspected cancer metastasis (diameter >1 cm 
or hard)’. They reported improved survival in favor of node 
dissection with a median survival of 43 months compared to 
32 months for sampling (P=0.0001). In contrast to Z0030, 
patients had no cytological or histological assessment 
of lymph nodes prior to randomization and resection, 
suggesting that if pre-resection systematic lymph node 
sampling has not been performed, survival is improved by 
mediastinal lymph node dissection (46).

In one community-based series, only 8% of patients 
who had lung resection over the course of a 4-year time 
span met criteria for a less stringent definition of systematic 
sampling than was performed in Z0030 (45). This study 
highlighted the loose use of terminology by surgeons: in 
the 45% of resections in which the surgeon reported having 
performed a ‘mediastinal lymph node dissection’, objective 
review of the pathology report suggested that none met the 
Z0030 mediastinal nodal dissection criteria, 9% were better 
classified as systematic sampling, 50% had random sampling 
and 42% had no mediastinal lymph nodes examined. It 
would be an unfortunate misunderstanding of the state of 
the evidence for the results of Z0030 to be used to justify 
such practice.

A less obvious side-bar to the discordance between 
surgeon procedure claims and the results of pathology 
report-based audits of the quality of nodal examination 
is the contribution of pathology practice. Despite the 
consensus statement that pathologists should ‘examine 
all lymph nodes in the lung resection specimen’ (47), re-
examination of lung resection specimens after completion 
of routine pathology examination reveals that 137% more 
intrapulmonary lymph nodes (and 165% more lymph 
nodes with metastasis) can be retrieved from discarded lung 
specimens than the number retrieved during the routine 
examination (36). Indeed, up to 12% of patients said to 
have pN0 disease on routine examination, had identifiable 
lymph node metastasis by hematoxylin and eosin staining 
of discarded lymph nodes. Using fastidious intrapulmonary 

nodal retrieval procedures, a median of 11 N1 lymph 
nodes were retrieved from lobar lung resection specimens, 
up from a pre-intervention median of 3 N1 nodes (36). 
Interestingly, this is greater than the median of 5 to 6 N1 
lymph nodes examined in the ACOSOG Z0030 trial, even 
though per study protocol surgeons helped retrieve nodes 
from stations 10-13 (43). This suggests that the opportunity 
for quality improvement in routine pathology examination 
of lung resection specimens exists across different types of 
institutions. This opportunity might be greater in routine 
practice because of the expectation most surgeons have that 
nodes within the resection specimen would be retrieved by 
gross dissection in the pathology laboratory.

It is incumbent on the surgeon to provide adequate N2 
nodes through systematic sampling or mediastinal lymph 
node dissection, but also to harvest N1 nodes including 
stations 10 and 11. Recent data demonstrated significant 
upstaging with respect to N1 nodes in open compared 
to VATS lobectomy suggesting that surgeons were not 
harvesting the hilar zone nodes when performing VATS 
lobectomy (48). Clearly, the pathologist cannot examine 
nodes that are left in the chest. Optimal pathologic nodal 
staging requires the collaborative actions of surgeons, 
members of the operating room team, specimen handlers, 
the pathology laboratory team and the pathologist. A chain 
of actions is required for optimal pathologic staging of 
curatively resected lung cancer. Like all chains, it is only as 
strong as its weakest link. Effective interventions to correct 
the prevailing quality deficit in staging must encompass the 
full spectrum of potential sites of quality breakdown, from 
the surgical operation to the posting of the final pathology 
report.

Interventions in which pre-labeled specimen collection 
kits have been combined with fastidious gross dissection of 
the lung resection specimen demonstrate early promise in 
rectifying the quality deficit. Studies of these interventions 
suggest that the proportion of patients found to have 
nodal metastasis increases significantly, with strong trends 
towards significant upward aggregate stage migration (49). 
Unfortunately, these studies do not yet provide data on 
the survival impact of these quality improvement measures 
(50-52). Despite the paucity of data on survival impact and 
cost-effectiveness of these corrective interventions, it seems 
prudent to narrow or eliminate the quality gap in pathologic 
nodal staging, given its well-documented adverse impact on 
patient survival.

It is also important to emphasize that the results of 
Z0030 should be applied to patients with relatively early 
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clinical stage NSCLC. These results cannot automatically 
be extrapolated to patients with more advanced disease. 
In addition, we propose that systematic sampling must be 
performed at least as rigorously as in Z0030 in order to 
provide sufficient quality pathologic staging for patients 
who undergo staging by that strategy. Calling a procedure 
‘systematic sampling’ or ‘mediastinal lymph node dissection’ 
does not necessarily make it so. The definitions must be 
based on the actual lymph nodes retrieved from specific 
stations, all of which must be clearly labeled for, and 
examined by, the pathologist.

In conclusion, there is a great need to heighten general 
awareness of the prevalence and severity of the quality gap 
between optimal, recommended, nodal staging of resectable 
lung cancer, and actual practice. This awareness campaign 
must be sponsored and supported by all the clinical 
professional groups with influence over the problem, 
including associations of surgeons, pathologists, medical 
oncologists and radiation oncologists, and their various 
guidelines-making bodies. Research into the evaluation and 
implementation of corrective solutions must be supported 
by funding agencies, in order to provide clear evidence with 
which healthcare policymakers can develop incentives that 
will ultimately facilitate the elimination of this major quality 
of care deficit.
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