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Abstract

Objective—To determine if mediastinal lymph node dissection (MLND) improves survival
compared to mediastinal lymph node sampling (MLNS) in patients undergoing resection for NO or
non-hilar N1, T1 or T2 non-small cell lung cancer (NSCLC).

Methods—~Patients with NSCLC underwent sampling of 2R, 4R, 7 and 10R for right sided
tumors, and 5, 6, 7 and 10L for left sided tumors. If all were negative for malignancy, patients
were randomized to no further lymph node sampling (MLNS) or complete MLND.

Results—Of 1,111 patients randomized, 1,023 (498 MLNS, 525 MLND) were eligible/
evaluable. There were no significant differences between the two groups in terms of
demographics, ECOG status, histology, location of the cancer, type or extent of resection, or
pathological stage. Occult N2 disease was found in 21 patients in the MLND group. At median
follow-up of 6.5 years, 435 (43%) patients have died; (MLNS: 217 (44%);MLND:218 (42%)). The
median survival for MLNS is8.1 years, and 8.5 years for MLND (p=0.25). The 5-year disease free
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survival rate was 69% (95% CI: 64%-74%) in the MLNS group versus 68%(95% Cl: 64%-73%)
years in the MLND group (p=0.92). There was no difference for local (p=0.52), regional (p=0.10),
or distant (p=0.76) recurrence between the two groups.

Conclusions—If systematic, thorough presection sampling of the mediastinal and hilar lymph
nodes is negative, MLND does not improve survival in patients with early stage NSCLC but these
results are not generalizable to patients staged radiographically or those with higher stage tumors.
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Introduction

Methods

Lung cancer is the leading cause of cancer deaths. Non-small cell lung cancer (NSCLC)
may be curable by surgical resection; however, even tumors which appear localized by
imaging may have lymph node metastases. Lymph node assessment is important for accurate
staging of NSCLC. However the extent of lymph node removal required and the impact of
mediastinal node removal on survival is controversial. Unfortunately, in a pattern of care
study, only 57.3% of patients had any mediastinal nodes removed at the time of pulmonary
resection.?

Studies addressing the survival benefit of MLND have been inconclusive with only one out
of three previous randomized trials reporting a survival advantage.® Proponentsargue that
MLND by removing occult N2 disease, would lower recurrence and increase survival.
However, two-thirds of patients with N2 disease develop distant metastases as their first site
of recurrence®.

The American College of Surgery Oncology Group (ACOSOG) Z0030 study was a
randomized, multi-institutional, prospective trial of MLND versus MLNS during pulmonary
resection for patients with early stage NSCLC. The aim of this study was to address the
question of whether survival was improved by MLND as compared to MLNS in early stage
NSCLC and compare recurrence patterns.

The protocol was approved by a central Institutional Review Board (IRB) and the IRB at
each participating institution. All patients provided written informed consent before trial
enroliment.

Participating surgeons were required to read a detailed description of the technique of
mediastinal lymph node dissection and watch an instructional video. All operative notes and
pathology reports were reviewed by the principal investigators (MSA or GED) for
completeness of the mediastinal dissection. Specifically, it was ascertained that additional
lymph nodes were removed during MLND as per protocol. Lymph nodes were named
according to the American Thoracic Society (ATS) lymph node stations®. Eligibility
requirements and methods have been published previously.® Patients with proven NSCLC
underwent a rigorous mediastinal and hilar lymph node sampling as per protocol priorto
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randomization. For tumors in the right lung lymph node stations 2R, 4R, 7, and 10R were
sampled. For tumors in the left lung, stations 5, 6, 7, and 10L were sampled. Any suspicious
lymph nodes were also biopsied. The surgeon had the option of sampling by
mediastinoscopy (2R/L, 4R/L and 7), thoracotomy or Video Assisted Thoracic Surgery
(\VVATS). Station 10 nodes were sampled at thoracotomy or VATS. If all sampled lymph
nodes showed no evidence of cancer on frozen section examination, patients were
randomized intra operatively via telephone by the central coordinating center to either lymph
node sampling only (MLNS) with no further lymph node removal or to complete
mediastinal lymph node dissection (MLND).

MLND was performed according to protocol as previously described. For tumors on the
right, all lymph tissue was removed from an area bounded by the takeoff of the right upper
lobe bronchus, the innominate artery, the superior vena cava and the trachea (stations 2R and
4R). Lymph nodes in the prevascular area, adjacent to the superior vena cava, and
retrotracheal nodes were removed. Complete MLND for tumors on the left involved
removing all lymph tissue between the phrenic and vagusnerves extending down to the left
main stem bronchus (stations 5 and 6). At the completion of the dissection the
aortopulmonary window was free of lymph tissue and the recurrent nerve was preserved.
Regardless of the side of the tumor, complete subcarinal lymph node dissection was
performed removing all lymph tissue caudal to the carina and both left and right mainstem
bronchi (station 7). Lymph nodes in the inferior pulmonary ligament and adjacent to the
caudal half of the esophagus were also removed (stations 8 and 9). When the dissection was
complete, mainstem bronchi, posterior pericardium, and the esophagus were free of all
lymph tissue. In both arms, all lobar and interlobar lymph nodes were resected during the
lung resection.

Statistical methods

The target accrual for this study was 1037 with the final analysis to occur after 459 deaths.
This was determined based on the assumption that following surgery there would be four
pathologic stage groups: pT1NO, pT2NO, pN1, and pN2/pllIA with expected proportions of
40%, 30%, 15%, and 15%, respectively. For calculating the sample size, it was assumed that
the 5-year survival rates in the sampling arm for the four groups would be 75%, 60%, 40%
and 30%, respectively. However, observed proportions of the four pathologic stage groups in
the sampling arm of thestudy--pT1NO, pT2NO, pN1, and pN2/pll1A--were 41%, 41%, 13%,
and 4%, respectively. In addition, the observed 5-year survival rates in the sampling arm for
the four groups was 74%, 59%, 44% and 27%, respectively. This translated to a weighted
yearly death hazard rate of 0.0998 (assuming survival time is exponentially distributed). An
8% higher five-year survival in Arm 2 was considered clinically important. Under
exponential distribution assumptions this translated to a death hazard rate that is 25%less, or
a hazard ratio of 0.75 (0.0751/0.0998). In calculating the sample size for survival, the
following specifications were made: One-sided significance level of 0.05; statistical power
of 0.90; uniform patient accrual; a five-year accrual period, and a follow-up period of five
years.
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Patient and surgical characteristics were compared between treatment arms using the chi-
square test for categorical variables, Kruskal-Wallis test for continuous variables, and the
Wilcoxon test for ordinal variables. Cumulative time to event (survival, recurrence)
probabilities was estimated using the Kaplan-Meier method. The log rank test was used to
compare survival and recurrence by treatment group. For the recurrence analysis deaths were
censored. An additional comparison of local, regional, and distant recurrence was performed
using a cumulative incidence approach. This methodology was used to account for
competing risks when determining recurrence rates as only first sites of recurrence were
recorded. Death was considered a competing event. One sided statistical tests were used for
the primary endpoint of overall survival. In all cases p-values <0.05 were considered
statistically significant.

From June 1999 to February 2004, 1,111 patients were randomized by 102 different
surgeons from 63 institutions. All participating surgeons were general thoracic surgeons and
diplomats of the American Board of Thoracic Surgery (ABTS) or equivalent. After
randomization, retrospective review found 155 patients (13.9%) to be ineligible (see figure
1). In 67 of these patients the reason for ineligibility was minor (e.g. timing violation) and
these patients were included in this analysis. The remaining 88 patients (57 in the LNS
group and 31 in the LND group) were excluded for major violations including incorrect
clinical stage in 29 patients, inadequate lymph node sampling in 14, benign disease in 6,
insufficient documentation in 5 and other reasons in 34 patients. All analyses were
performed on the 1023 (498 MLNS and 525 MLND) eligible subjects and additional intent-
to-treat analyses were performed on all randomized subjects. Details of the demographic
profile have been published previously (Table 1).8 The median age was 68 years with a
range of 23 to 89 with a slight male predominance (n=529; 52%), 955 (93%) were
Caucasian with 46 (5%) black and other racial backgrounds in 22 (2%). Most patients were
Eastern Cooperative Oncology Group (ECOG) performance score zero (n=688; 67%) or one
(n=307; 30%). There were no clinically significant differences in demographic profile or
ECOG status between the study arms.

Approximately 61% of tumors were located in the upper lobes and adenocarcinoma was the
predominant histology (42%), see Table 1. Mediastinoscopy was performed in 303 patients
overall, MLNS:162 (33%) patients versus MLND: 141 (27%) (p=0.05). As per protocol,
anatomic pulmonary resections were performed in all patients:lobectomy in 764 (75%)
patients, segmentectomy in 70 (7%), pneumonectomy in 42 (4%), and bilobectomy in 43
(4%). Combinations were performed in 100 patients (10%). Resection was complete (R0) in
1000 patients (98%), incomplete (R1) in 19 (2%), and grossly incomplete (R2) in 2 (0.2%).
There were no statistical difference in type of resection, operative approach (thoracotomy
versus VVATS) or completeness of resection between the lymph node dissection (MLND) and
the lymph node sampling (MLNS) group®. See table 1.

Only 67 patients (7%) were resected via VATS. There was no difference in the number of
lymph nodes removed by VATS as compared to open resections (median nodes removed: 15

J Thorac Cardiovasc Surg. Author manuscript; available in PMC 2016 October 27.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Darling et al.

Page 5

vs 19, p=0.17). However, more nodes were harvested via lobectomy (median = 18)
compared to segmentectomy (median = 14), p= 0.006.

After pre-randomization sampling, a median of 18 additional nodes were removed in those
patients randomized to MLND (range 1-72 for right sided tumors, 4-69 for left sided tumors)
and 516 patients (99%) had at least 6 nodes removed from 3 mediastinal node stations. With
MLND at least one additional mediastinal lymph node was removed from each station with
a range of median number of nodes removed of 1-4.

The pathological stage is shown in Table 1. There were 45 (4.4%) patients who had
pathological stage 1A or 111B; 12 in the MLNS arm and 33 in the MLND arm. Positive
mediastinal lymph nodes (N2) were discovered in 21 patients who had negative sampling
and were randomized to MLND (4%, 95% CI: 2.5%-6.1%). There were 303 patients who
underwent mediastinoscopy for lymph node sampling prior to randomization. Despite a
negative mediastinoscopy, after MLND 8 patients (2.6%) were found to be N2 on final
pathology whereas of the 718 patients who had lymph node sampling at thoracotomy or
VATS prior to randomization, 13 (1.8%) were N2 on final pathology. The reason for
designation of stage I11A/B in the 12 patients on the MLNS arm and 12 (non N2) in the
MLND arm included: another cancer in the same lobe, tumor < 2 cm from carina,
involvement of phrenic nerve and tracheal involvement.

In the group who had initial sampling by mediastinoscopy there were 56 patients (19%) who
were found to be N1 positive on final pathology as compared to 71 patients (10%) who had
sampling by thoracotomy or VATS. There was no difference in survival between patients
who had their initial nodal assessment by mediastinoscopy and those assessed by
thoracotomy or VATS.

At a median follow-up of 6.5 years, (range: 0 t010. 1 years), 466 (42%) of the 1111 patients
have died; 235 (42%) in the MLNS arm and 231 (42%) in the MLND arm. Of the 1023
eligible patients there were 217 (44%) deaths in the MLNS arm and 218 (42%) in the
MLND arm. The median survival was 8.1 years (95% CI: 7.0-9.0) in the MLNS group
versus 8.5 years (95% CI: 7.4-NA) in the MLND group (p=0.25; figure 2, table 2). Similar
results were observed when the analysis was performed on all 1111 randomized subjects
(median survival in the MLNS group was 8.1 years (95% CI: 7.0-9.0) versus 8.4 years (95%
Cl: 7.3-NA) in the MLND group; p=0.34). There were 285 recurrences reported including
54 local; 74 regional; and 225 distant in the eligible subjects. Of these 138 (24 local, 43
regional, and 111 distant) occurred in the MLNS arm and 148 (30 local, 31 regional, and
114 distant) occurred in the MLND arm. The 5-year disease free survival (DFS) rate was
69% (95% Cl: 64%-74%) in the MLNS arm and 68% (95% CI: 64%-73%) in the MLND
arm (p=0.92, table 2). Similar results were obtained on all randomized subjects; 5 year DFS
was 68% (95% Cl: 64%-73%) in the MLNS group and 67% (95% CI: 62%-71%) in the
MLND group (p=0.89). An additional analysis was performed separately for T1 (p=0.83)
and T2 (p=0.63) tumors and no differences were observed in DFS between treatment arms,
see table 3. There was no difference between local (p=0.52), regional recurrence (p=0.10) or
distant recurrence (p=0.76) between the two treatment arms. Similar results were observed
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for all randomized subjects (p=0.54, p=0.24, and p=0.77 for local, regional, and distant
recurrence, respectively).

Discussion

In this prospective randomized controlled clinical trial we found no difference in long-term
survival between MLND and MLNS during pulmonary resection for patients with T1 or T2,
NO or non-hilar N1 NSCLC. We also did not see a difference in the recurrence rates or in the
pattern of recurrence between MLND and MLNS groups. Previous reports from this trial
have shown no increase in morbidity or mortality with the addition of a mediastinal lymph
node dissection®.

After Evarts A. Graham's first successful pneumonectomy, surgical resection for lung cancer
became popular in the United States. Although Davies in 1912 reported an anatomic
lobectomy for lung cancer pneumonectomy remained the mainstay of therapy until it was
challenged by Johnson8 and subsequently in a 1962 report by Shimkin® lobectomy was
shown to be acceptable therapy. Although the extent of resection was reduced, removal of all
mediastinal lymph tissue was still considered necessary extrapolating from other solid
tumors such as breast or gastric cancer, where removal of all the draining lymph nodes was
considered the standard of care. In 1951, Cahan from Memorial Sloan Kettering Cancer
Center reporting on complete mediastinal lymphadenectomy found “that some patients
experienced long-term survival when the positive regional lymph nodes also were
removed”10, In a subsequent review, the authors commented that complete mediastinal
lymph node dissection led to “more favorable long-term survival”1!. Thus, complete MLND
has been considered the standard of care for lung cancer resection at most academic centers.

This “standard” has not been followed by the majority of surgeons. In a review of surgical
care in the United States in 2001, Little found that only 57.8% of patients who had surgery
as their initial treatment of lung cancer had any mediastinal lymph nodes sampled or
removed. In community hospitals the rate of any surgical lymph node assessment was even
lower at only 48.1%.2

MLND improves staging accuracy by increasing lymph node harvest improving
identification of occult N2 disease.12-14 However, whether survival is improved by MLND is
controversial. In a subgroup analysis of patients with stage Il or IIIA NSCLC entered into
Intergroup trial 0115 of adjuvant chemoradiotherapy vs. radiotherapy following resection,
Kellerl® reported improved long-term survival in patients with right upper lobe tumors who
had MLND with a median survival of 57.5 months versus MLNS with a median survival of
29.2 months. The choice of MLND versus MLNS was not randomized and was based on
surgeon preference. In contrast to the Z0030 study, Keller's analysis included only patients
who had positive N1 or N2 nodes. Interestingly, there was no difference in the recurrence
rates between the two cohorts.

A randomized trial comparing MLND and MLNS in 169 patients with stage I, Il or I11A
NSCLC reported by Izbickil® found no significant difference in survival after a median
follow-up of 47.5 months. In the MLND group, lymph nodes were removed from stations
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12,11, 10, 7, 4 and 5 in all patients whereas in the sampling group mediastinal nodes were
removed only if they appeared suspicious. At a median followup of 47.5 months, there was
no difference in overall or disease free survival except in patients with N1 or single station
N2 in whom both overall and disease free survival was improved. Although their sampling
methodology was a bit different than ours, they also found only a small number of patients
(5.5%) had unsuspected mediastinal lymph node involvement after MLND.

Using a protocol similar to that used in the Izbicki study in patients with clinical stage I,
small (<2cm) T1 NSCLC (87% nonsquamous cancers), Sugi found no difference in survival
between the MLND and MLNS groups (five year survival: 81% and 84% respectively).
Unsuspected N2 disease was identified in 12% and 14% of MLND and MLNS groups.14

However, a larger randomized trial of 532 patients with clinical stage I, Il or 1A NSCLC
reported by Wu3 comparing MLND to MLNS reported significantly improved survival with
MLND. The median survival in the MLND group was 43 months and only 32 months in the
MLNS group (p=0.0001). By multivariate analysis, number of lymph node metastasis, type
of nodal dissection (MLND vs MLNS), tumor size and pathological stage were all
significant prognostic factors.

In contrast to the ACOSOG Z0030 trial, the patients in the trial reported by Wu were only
staged clinically prior to randomization. As a result, 48% of the patients in the MLND had
pathological stage I11A disease versus 28% in the MLNS arm. Furthermore, in the MLNS
arm, mediastinal nodes were sampled only if suspicious based on size greater than 1 cm, or
hardness. Unlike the ACOSOG Z0030 trial, systematic sampling of the mediastinal nodes
was not performed.

A meta-analysis of these 3 trials reported a survival advantage for stages I, Il and I11A and a
fixed-effects model reported by the same group reported MLND reduced the risk of death
for early stage disease.17-18

The ACOSOG Z0030 protocol required systematic sampling of mediastinal nodes either by
mediastinoscopy, thoracotomy or VATS. Additionally, any suspicious nodes were also
sampled. Only after all required node stations were proven to be negative for metastatic
disease was the patient eligible for randomization to either no further lymph node removal
(MLNS) or to formal complete lymph node dissection (MLND). This process allowed us to
eliminate many patients who may have had “occult” positive mediastinal lymph nodes and
explains the low (4%) incidence of unsuspected N2 disease found in patents who underwent
complete mediastinal lymphadenectomy. In this regard the Z0030 trial differs from previous
randomized trials in that all patients truly had early stage disease.

Lymph node sampling by mediastinoscopy, VATS or thoracotomy were equally efficacious
in accomplishing systematic lymph node sampling. EBUS-TBNA- or EUS-FNA were not
evaluated in this trial.

Clinical staging with CT and PET are not equivalent to surgical staging, thus in the absence
of surgical staging of the mediastinal lymph nodes as was performed in the Z0030 trial, a
MLND is essential for both accurate staging and improved survival as suggested by Wu's
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study3. In patients who are surgically staged as in our trial, MLND identifies truly occult N2
disease and thereby provides such patients with the opportunity to receive adjuvant
chemotherapy which has now been shown to improve survival. At the time this study was
performed, adjuvant chemotherapy was not the standard of care. This may have contributed
to the lack of survival benefit in the MLND arm.

Determination of the amount of lymph node tissue removed in both arms of the trial was
based on number or fragments of nodes rather than weight and this has some inherent
inaccuracies. This is a limitation of the study and potentially may have contributed to the
lack of difference between the two arms of the trial.

This study was conducted by many surgeons, all ABTS (or equivalent) certified and in many
institutions (both community and academic), hence the results are generalizable and are not
limited to a few specialized surgeons or centers. The breadth of surgical participation also
introduced a potential problem of standardization. However, since each operative and
pathology note was reviewed by one of the principle investigators (MSA or GED) the
variation was minimized, since patients with inadequate MLND or overly aggressive
sampling were deemed ineligible.

Conclusions

MLND does not improve longterm survival in patients with early stage (T1or T2, NO or non-
hilar N1) NSCLC who have pathologically negative mediastinal and hilar nodes after
rigorous systematic preresection lymph node sampling. In such patients MLND also does
not affect the rate of local or regional recurrence. Our results do not apply to patients with
T3 or T4 tumors or those with known hilar or N2 disease as these were not included in our
study. Staging by PET-CT or CT alone is not equivalent to the invasive staging performed in
this study and surgeons cannot use this study to justify excluding invasive mediastinal
staging from their evaluation of patients with early stage NSCLC.

MLND provides patients with the most accurate staging and the opportunity for adjuvant
therapy if occult metastatic disease is present. Since current preoperative staging cannot
definitively identify patients with mediastinal lymph node involvement and patients with
known hilar or mediastinal disease (N2) or those with T3 or T4 tumors may benefit from
MLND as the pretest probability of N2 disease is higher, we still recommend that all patients
with resectable NSCLC undergo MLND as MLND does not increased mortality or
morbidity.
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Randomized n=1111

PN

Allocated to MLNS
(n =555)

235 deaths

57 excluded from
primary analysis

MLNS

Analyzed* (n =498)

217 deaths

Allocated to MLND
(n =556)

231 deaths

31 excluded from
primary analysis

Page 11

MLND
Analyzed* (n =525)

218 deaths

* Note: intent to treat analyses were also performed.

Figure 1. Consort Diagram
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Figure 2. Overall Survival
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Table 1
Patient and surgical characteristics of the Patients in Each Arm of the ACOSOG Z0030

Study

Lymph Node Sampling  Lymph Node Dissection

Arm (n=498) Arm (n=525) P
Male 257 (52%) 272 (52%) 0.95
Median Age (range) 68 (23 - 89) 67 (37 -87) 0.026
ECOG Performance
Score
0 344 (69%) 344 (66%) 0.34
1 139 (28%) 168 (32%)
2 15 (3%) 13 (3%)
Tumor location ™™
RUL 193 (39%) 194 (37%) 0.55
RML 36 (7%) 29 (6%) 0.26
RLL 88 (18%) 101 (19%) 0.52
LUL 129 (26%) 144 (27%) 0.58
LLL 58 (12%) 64 (12%) 0.79
Histology 0.53
Squamous Cell 132 (27%) 141 (27%)
Adenocarcinoma 195 (39%) 228 (44%)
Large Cell 27 (5%) 22 (4%)
Bronchoalveolar 36 (7%) 32 (6%)
Other NSCLC 106 (21%) 99 (19%)
Type of resection t 0.66
Segmentectomy 36 (7%) 34 (7%)
Lobectomy 379 (76%) 385 (74%)
Bilobectomy 18 (4%) 25 (5%)
Pneumonectomy 18 (4%) 24 (5%)
Combination 45 (9%) 55 (11%)
Extent of resection 0.36
RO 488 (98%) 512 (98%)
R1 10 (2%) 9 (2%)
R2 0 (0%) 2 (0.4%)
Stage 0.34
1A 211 (43%) 212 (41%)
1B 205 (41%) 213 (41%)
1A 13 (3%) 24 (5%)
1B 56 (11%) 41 (8%)
1A 4 (1%) 22 (4%)
B 8 (2%) 11 (2%)

*
Chi-square test, Kruskal-Wallis test, or Wilcoxon test as appropriate
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Hok

Counts do not sum to 100% since some patients had disease that involved multiple lobes

fThe type of resection could not be determined in 4 patients
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Overall and disease free survival estimates on all eligible patients

Time

MLNS (N=498)
Estimate (95% CI)

MNLD (n=525)
Estimate (95% CI)

Overall survival

2 year

85.1(82.0, 88.3)

83.0 (79.8, 86.4)

4 year

67.8 (63.7, 72.2)

70.5 (66.5, 74.6)

6 year

58.1 (53.7, 62.9)

61.4 (57.1, 66.0)

8 year

50.9 (45.9, 56.5)

52.4 (47.6,57.7)

Disease free su

rvival

2 year

79.5 (75.7, 83.4)

80.5 (76.9, 84.3)

4 year

70.6 (66.2, 75.2)

71.7 (67.4,76.2)

6 year

65.2 (60.4, 70.4)

66.3 (61.8, 71.3)

8 year

61.1 (55.4, 67.3)

5.4 (53.8, 65.6)
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Table 3

Disease free survival on T1/T2 eligible patients

Time

Disease Free Survival on T1/T2 Eligible patients

T1 MLNS Estimate

(95% CI) (%)

T2 MLNS Estimate

(95% CI) (%)

T1 MNLD Estimate

(95% CI) (%)

T2 MNLD Estimate

(95% Cl) (%)

2 year

87.2(82.5,92.1

75.1 (69.5, 81.2)

91.0 (87.1, 95.1)

71.7 (66.0, 77.9)

4 year

79.4(73.7,85.6

64.7 (58.3, 71.7)

82.1(76.6, 87.9)

62.9 (56.7, 69.8)

6 year

75.0 (68.5, 82.1

58.1 (51.2, 65.8)

73.7 (67.1, 81.0)

5.0 (52.6, 66.3)

8 year

)
)
)
)

69.7 (61.5, 79.0

54.8 (47.0, 63.7)

66.3 (58.0, 75.8)

53.0 (45.5, 61.7)
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