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Abstract

Introduction—Although thorough pathologic nodal staging provides the greatest prognostic
information in patients with potentially curable non-small cell lung cancer, N1 nodal metastasis is
frequently missed. We tested the impact of corrective intervention with a novel pathology gross
dissection protocol on intrapulmonary lymph node retrieval.

Methods—Retrospective review of consecutive lobectomy, or greater, lung resection specimens
over a period of 15 months before and 15 months after training Pathologist's Assistants on the
novel dissection protocol.

Results—141 specimens were examined before and 121 specimens after introduction of the
novel dissection protocol. The median number of intrapulmonary lymph nodes retrieved increased
from 2 to 5 (p<.0001), and the 751" — 100t percentile range of detected intrapulmonary lymph
node metastasis increased from 0 —5to 0 — 17 (p=.0003). In multivariate analysis, the extent of
resection, examination period (pre- or post-intervention), and pathologic N1 (vs. NO) status were
most strongly associated with a higher number of intrapulmonary lymph nodes examined.

Conclusions—A novel pathology dissection protocol is a feasible and effective means of
improving the retrieval of intrapulmonary lymph nodes for examination. Further studies to
enhance dissemination and implementation of this novel pathology dissection protocol are
warranted.
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1. Introduction

Pathologic staging of resected lung cancer is the most accurate means of predicting future
patient outcomes.! However, there is increasing appreciation of limitations in the prognostic
accuracy of the TNM staging system, which seems to be partly caused by variability in the
thoroughness of examination.2"8 For example 46% of patients with pathologic node negative
lung cancer die of recurrent disease within 5 years,! the median number of examined lymph
nodes in lung resection specimens is only approximately 3 — 5 in the US, 78 whereas it is
repeatedly suggested that more than 10 lymph nodes need to be examined to minimize
sampling error.”-10 At one extreme, 18% of ‘node negative’ resections in the US have no
lymph nodes examined (pathologic NX),8 and 62% of ‘mediastinal node negative’
resections have no mediastinal nodes examined.* The survival of patients with node-
negative disease improves with the number of lymph nodes examined,’-10 while survival
worsens in node-positive patients as the number (or proportion) of positive lymph nodes
increases.11-16 Emphasizing the implication of sampling error, patients with pNX resections
have a survival curve that closely approximates that of patients with pN1, not pN0.5

In a previous study, we demonstrated that about 60% of intrapulmonary lymph nodes are left
unexamined in lung resection specimens, 11% of which have identifiable metastasis,
representing 62% of all N1 lymph nodes with metastasis.1’ In that study, 90% of patients
who had curative-intent surgery for lung cancer had one or more unexamined lymph nodes
and 12% of pathologic NO resections had one or more unexamined lymph nodes with
metastasis.}’ However, our hypothesis-testing ‘special pathology examination protocol’,
entailed making 0.3-0.5mm transverse sections of remnant lung resection specimens that had
been fixed in formalin for several days. This thin-cut transverse dissection protocol is
impractical for routine use in the clinical pathology laboratory because it is difficult to
reproduce in fresh lung resection specimens, and the requirement for prolonged formalin
fixation would unacceptably delay the processing of pathology specimens.

Therefore, we developed a novel modified gross dissection protocol to more readily fit into
the routine flow of care. Our goal was to increase the number of intrapulmonary lymph
nodes examined, leading up to larger future studies of the impact on nodal stage distribution.
We now report how implementing this novel pathology dissection protocol affected lymph
node retrieval from lung resection specimens.

2. Materials and Method

With Institutional Review Board approval, we retrospectively reviewed surgical pathology
reports of all lobectomy, or greater, resections for lung cancer at 2 hospitals over the span of
10 quarters (30 months), from January 1, 2011 to June 30, 2013. The novel pathology gross
dissection protocol was introduced as a quality improvement effort within a single surgical
pathology group that provides histopathology services to the two hospitals. The protocol
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involved a series of blunt peri-bronchial dissections starting from the hilum to the periphery,
with special attention to points of airway bifurcation where intrapulmonary lymph nodes
aggregate (Fig 1).

Implementation

Outcomes

after pilot testing the protocol with one Pathologist's Assistant to demonstrate feasibility, all
four other Pathologist's Assistants who routinely perform gross dissection of lung resection
specimens in the department were trained on the same protocol by a thoracic pathologist
(DS). The period of training was from May-June 2012 (quarter 6).

Approximately 6 months before starting this study, we introduced a surgical lymph node
specimen collection kit to improve the intraoperative collection of mediastinal lymph nodes
(stations 2 to 9). This kit has been described in detail elsewhere. 18 It contains 12 specimen
collection cups, each pre-labeled with the International Association for the Study of Lung
Cancer lymph node station name and number, thus: right and left upper paratracheal (2R,
2L), prevascular (3a), retrotracheal (3p), right and left lower paratracheal (4R, 4L), sub-
aortic (5), para-aortic or phrenic (6), subcarinal (7), paraesophageal (8), pulmonary ligament
(9), and hilar (10). One set of kits is labeled for right side resections, a different set for left
side resections.

In the right side kits, the collection cups for stations 2R, 4R, 7, 8, 9 and 10R are
conspicously marked as mandatory for sampling. Collection cups for stations 4L, 5, 6, 7, 8,
9 and 10L are similarly marked in the left side kits. The kit includes station 10, an N1 nodal
station that is anatomically located such that it has to be collected by the surgeon during the
operation, without which pathologists would have no access. The penetration of use of this
kit evolved over the time course of this study (Figure 2). We abstracted patient demographic
and clinical information from hospital records, and lymph node examination results from the
final pathology reports.

the primary outcome was the number of intrapulmonary lymph nodes retrieved by the
Pathologist's Assistants before and after implementation of the novel pathology dissection
protocol. We also examined the rate of detection of lymph node metastasis. Because station
10 was likely to be impacted by use of the kit, which specifically mandates surgeons to
collect lymph nodes from this station during the operation, we also analyzed the influence of
kit use.

Statistical analysis

we used the Pearson Chi-squared test to examine the relationship between categorical
variables, and the t-test for continuous variables. For the number of lymph nodes variable,
we used the Mann-Whitney test to examine differences in medians due to the right skewed
distribution. We also performed a linear trend test to assess the number of lymph nodes
retrieved over time.
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For the multivariate analysis of the number of lymph nodes retrieved, we used Poisson
regression based on the Generalized Estimating Equations (GEE) to account for cluster
within Pathologist's Assistants. We also controlled for the following potential confounders:
age, race, sex, histology, T-category, node metastasis status, extent of resection, intervention
period, surgical kit use, and Pathologist's Assistant. All potential confounders were
simultaneously entered into the model. In addition, for the number of lymph nodes with
metastasis, we used zero inflated Poisson regression to compare the distributions because of
the excessive zeros in the distributions of lymph nodes with metastasis. The possibility of
having zero lymph node metastasis was modeled with intervention period, Pathologist's
Assistant, extent of surgical resection and T-category. No weighting was used in any of the
analyses. The 95% confidence interval (95% CI) was estimated and two-sided p-values were
set at the <0.05 significance level. All statistical analyses were performed using SAS version
9.4 PROC GENMOD, PROC COUNTREG (SAS Institute Inc., Cary, NC, USA, 2013).

Demographic, clinical and treatment characteristics

Over the 30 month timespan covered by this project, 262 patients had lobectomy, or greater,
resection for lung cancer at the two hospitals served by the pathology group: 141 patients
before (‘pre-* era) and 121 after (‘post-* era) the new pathology dissection protocol was
introduced. The clinical and demographic characteristics of the two cohorts of patients were
very similar (Table 1). However, despite the similarity in median tumor size between both
groups of patients, those in the ‘pre’ era had a higher frequency of T2, T3 and T4 tumors,
and the ‘post’ era had more patients with T1 tumors (p<.01). The extent of resection was
similar between both groups.

Evolution of number of lymph nodes examined and proportion of patients with lymph
nodes examined from specific locations

The number of lymph nodes examined approximately doubled in the era after introduction
of the novel dissection protocol. For example the median number of intrapulmonary nodes
increased from 2 to 5 (p<.0001), and the total N1 nodes (including station 10 [hilar])
increased from 3 to 8 (Figure 3). The median number of mediastinal lymph nodes increased
from 3 to 6, and the median number of lymph nodes examined from all stations increased
from 8 in the pre-intervention era to 15 in the post-intervention era (p<.0001 for both
comparisons). The proportion of patients who had one or more lymph nodes examined from
mediastinal stations (2-9), hilar station (10) and also from intrapulmonary lymph nodes
(stations 11-14) increased significantly in the post-intervention period (Table 1).

Evolution of number of lymph node metastasis

There was no difference in nodal stage distribution between patients before and after the
novel pathology intervention protocol was introduced. However, more lymph nodes with
metastasis were detected after introduction of the novel protocol. For example, the 75t to
100t percentile range of detected intrapulmonary lymph node metastasis was 0 to 5 in the
pre era, 0 to 17 in the post era (p= 0.0003). For total lymph node metastasis, the 75t to 100t
percentile range was 1 to 12 in the pre- era, and 1 to 19 in the post era (p<0.002).
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Impact of use of the surgical specimen collection kit

The aggregate penetration of use of the surgical specimen collection kit increased from 18%
of all cases in the pre-era, to 60% in the post-era (p<.0001). Although there was fluctuation
from quarter to quarter in the penetration of kit use, the overall trend was toward increased
penetration over time (Fig 2). The increase in the intrapulmonary lymph node count was
dependent on the era, and independent of use of the kit (Fig 4 a,b), in contradistinction to the
station 10 and N2 lymph node counts which were mainly influenced by whether or not the
kit was used, and independent of the introduction of the novel intrapulmonary lymph node
dissection protocol (Fig 5 a-d).

Multivariate analysis of factors associated with retrieval of total N1 and intrapulmonary N1
lymph nodes

In the model which included age, race, sex, histology, T-category, N-category, tumor size,
extent of resection and intervention period (pre or post), the extent of resection and
intervention period had the strongest association with higher intrapulmonary lymph node
counts (p<.0001). Pathologic N1 category was also significantly associated with higher
number of lymph nodes examined, in comparison to pNO (p<.01 for total N1 nodes [ie.
including station 10] and <.0001 for intrapulmonary lymph node count [ie. excluding station
10]). Male sex and nonadenocarcinoma histology were less strongly associated with higher
lymph node retrieval. All other variables were not independently associated with N1 nodal
retrieval (Table 2).

4. Discussion

Patients who undergo surgical resection constitute the overwhelming majority of long term
survivors of lung cancer. However, 56% of recipients of resection die within 5 years, most
with regional or distant recurrence.1® With the advent of beneficial adjuvant systemic
therapy, there has been increased interest in identifying high risk ‘early stage’ patients who
might benefit from proven adjuvant therapies,2%-22 or who might be candidates for clinical
trials of novel adjuvant treatments. The primary predictor of benefit from adjuvant therapy is
the presence of lymph node metastasis. Accurate nodal staging enhances post-operative
prognostication, management, and survival.

This understanding has led to renewed focus on opportunities to improve the accuracy of
routine pathologic nodal staging.23 The strong association between survival and the number
of lymph nodes examined 7-1924 or found to harbor metastasis, 1116 coupled with
recognition that most lung resection cases in large US databases cluster around the lowest
end of the lymph node number spectrum,8-8.10 has raised interest in strategies designed to
improve lymph node yield. Some strategies target the intraoperative lymph node harvest,18
others may be designed to encourage more thorough retrieval of lymph nodes within the
resected lung specimen.1’

Having previously established a high rate of inadvertent loss of lymph nodes in discarded
lung tissue,X” we developed and field-tested a practical, but more thorough tissue dissection
protocol which demonstrably increased the intrapulmonary lymph node yield. Although we
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have not shown a striking impact on the nodal stage distribution (the ultimate point of all
such interventions), this study was not designed to achieve this. Rather, our primary
intentions were to demonstrate the practicality and ready adoptability of this novel
dissection protocol within an active surgical pathology laboratory in a community level
hospital, and to evaluate the impact on the intrapulmonary lymph node retrieval rate. We
hypothesize that once routinely achieved, more thorough intrapulmonary lymph node
examination will lead to an increased rate of detection of N1 nodal metastasis (and upward
stage redistribution) in appropriately designed future studies. The validity of this hypothesis
is supported by the significant increase at the 75" — 100t percentile end of the spectrum of
number of lymph nodes with metastasis during the post-intervention era, and by the
multivariate analysis showing pN1 cases had significantly more lymph nodes examined than
pNO cases, an association that has previously been reported in a community-wide dataset.2

The potential survival impact of any such redistribution of nodal stage is suggested by
studies that show the inferior survival rate of patients with intrapulmonary nodal metastasis,
in comparison to those with pN0.26-2% Other studies show a difference in survival between
subsets of patients with pN1 who have varying numbers of lymph node metastasis. 316
Because the opportunity for quality improvement in nodal staging accuracy exists in surgical
practice (the hilar and mediastinal nodal harvest,18 clarity of specimen labeling,18-30 security
of specimen transfer from the operating room to the pathology laboratory),3! as well as
pathology practice, it is desirable to implement interventions that target practice in both
areas, as we have done. However, it is also important to clarify the contribution of each
intervention. Therefore, we staggered the intervention implementation process, introducing
the surgical lymph node kit 6 months before we introduced the novel pathology dissection
protocol. Our report reveals the beneficial interaction of these two interventions in a
pragmatic implementation design. However, we are able to separate the individual
contribution of each intervention (Figs 2-5).

The combination of interventions is ultimately what will provide the greatest increase in the
thoroughness of nodal staging evaluation, and therefore the most accurate pathologic stage
information for use in post-operative management decision-making.32 We are actively
engaged in a tri-state regional dissemination and implementation study, in which the
combination of interventions will be rigorously studied to evaluate the impact on the
workload of operating room and pathology laboratory staff, overall stage distribution, and
patient survival. These studies will provide a robust cost-effectiveness and overall economic
impact analysis of the proposed changes in practice.
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1. Place lung specimen on dissection surface.

2. Record dissection start time.

3. If the primary tumor is located centrally, measure and appropriately sample it before retrieval
of lymph nodes. If the tumor is peripheral, nodes can be retrieved primarily or secondarily.

4. Identify and collect lymph nodes visible from the hilar surface.

5. With toothed forceps grasp the bronchial resection margin and pull slightly towards you to
create tension with the peribronchial tissue.

6. Dissect the peribronchial tissue with small scissors or small hemostat beginning at the
bronchial resection margin paying close attention to lymph nodes that become visible during the
dissection; these will be more frequent at the bifurcation of bronchi.

8. Continue the blunt dissection and retrieval of lymph nodes until you arrive at the periphery of
the lung.

9. Repeat the process for each bronchial stump identified. until the whole specimen has been
dissected.

10. Record dissection end time.

11. Record the number of intrapulmonary lymph nodes and lymph nodes processed from each of
the specimen containers in the hilar/mediastinal lymph node specimen collection kit.

12. Send all retrieved grossly lymph node material for histology processing, irrespective of size.

Figure 1.
Bench protocol for novel pathology gross dissection of lung resection specimens.
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Figure 2.
Evolution of surgical lymph node specimen collection kit use over timespan of study.
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Figure 3.
Total N1 station nodes examined per quarter for all cases (a) and lobectomy cases (b).
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Number of lymph nodes examined from station 10 without (a) and with (b) use of the
surgical specimen collection kit during the two pathology intervention eras. Number of
mediastinal lymph nodes examined without (c) and with (d) use of the specimen collection
kit during the two pathology intervention eras.
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Table 1

Patient characteristics pre- and post-introduction of a novel pathology gross dissection protocol.

Characteristics Before N=141 After N=121 p-value
Age, years, median (range) 69 (36 - 87) 68 (44 - 89) 0.799
Age category, n (%) 0.601
<65 49 (34.8) 35(28.9)
65-74 66 (46.8) 62 (51.2)
>74 26 (18.4) 24 (19.8)
Sex, n (%) 0.533
Female 61 (43.3) 57 (47.1)
Male 80 (56.7) 64 (52.9)
Race 0.258
Black 35(24.8) 23(19.0)
White 106 (75.2) 98 (81.0)

Clinical characteristics

Tumor size cm, median (range) 25(0.8-18.0) | 25(0.5-12.0) 0.715
T-category, n (%) 0.001
1 57 (40.4) 59 (48.8)
2 54 (38.3) 44 (36.4)
3 26 (18.4) 16 (13.2)
4 4(2.8) 2 (1.6)
N-category, n (%) 0.448
0 104 (73.8) 90 (74.4)
1 17 (12.1) 19 (15.7)
2 20 (14.2) 12 (9.9)
Histology n (%) 0.136
Adenocarcinoma 78 (55.3) 79 (65.3)
Squamous cell carcinoma 20 (14.2) 9 (7.4)
Others 43 (30.5) 33(27.3)

Treatment characteristics

1. Extent of resection, n (%) 0.578
Bilobectomy 7(5.0) 3(2.7)
Lobectomy 125 (88.7) 110 (90.9)
Pneumonectomy 9(6.4) 8(6.4)

2. Number of nodes examined, median (IQR)
N1 stations 3(1-7) 8(4-16) <0.0001
N1 minus station 10 2(1-4) 5(3-11) <0.0001
Stations 1-9 3(0-6) 6 (4 - 10) <0.0001
All stations 8(4-11) 15 (10-24) | <0.0001

3. Cases with >0 nodes from specific stations, n (%)
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Characteristics Before N=141 After N=121 p-value
Station 10 96 (68.1) 103 (85.1) 0.001
N1 minus station 10 108 (76.6) 108 (89.3) 0.007
Stations 1-9 102 (72.3) 109 (90.1) 0.0003

4. Number of nodes with metastasis, median (range)

N1 stations with metastasis 0(0-5) 0(0-17) <0.0001
Intrapulmonary stations with metastasis 0(0-5) 0(0-17) 0.0003
Mediastinal stations with metastasis 0(0-8) 0(0-3) 0.278
All stations with metastasis 0(0-12) 0(0-19) 0.019

5. Patients with lymph node metastasis
Station 10 with metastasis 11 (7.8) 10 (8.3) 0.707
N1 minus station 10 with metastasis 24 (17.0) 22 (18.2) 0.806
Stations 1-9 with metastasis 20 (14.2) 11(9.1) 0.203
N1 stations with metastasis 31(22.0) 26 (21.5) 0.922
All stations with metastasis 37(26.2) 31 (25.6) 0.909

6. Kit use, n (%)

Yes 25 (17.7) 72 (59.5) <0.0001
No 116 (82.3) 49 (40.5)
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Multivariate analysis of factors influencing the total N1 and intrapulmonary lymph node retrieval rate.

Table 2

Nodes examined

Variables All N1 nodes | Intrapulmonary
RR (95% C.I) | p-value | RR (95% C.I) p-value

Intervention period

Before 1.00 - 1.00 -

After 2.27 (2.09-2.46) | <0.0001 | 2.52 (2.32-2.75) | <0.0001
Age Category

<65 1.00 - 1.00 -

65-74 1.00 (0.89 - 1.11) 0.922 0.91 (0.84 - 0.99) 0.030

>74 1.06 (0.87 - 1.29) 0.558 0.93 (0.80 — 1.09) 0.373
Race

White 1.00 - 1.00 -

African American 0.84 (0.60 — 1.17) 0.307 0.72 (0.50 — 1.03) 0.072
Sex

Female 1.00 - 1.00 -

Male 1.22 (1.09 - 1.36) 0.001 1.34 (1.14-1.59) 0.001
Histology

Non-adenocarcinoma 1.00 - 1.00 -

Adenocarcinoma 0.92 (0.81-1.04) 0.177 0.87 (0.79 - 0.95) 0.002
N-category

NO 1.00 - 1.00 -

N1 1.80(1.40-2.32) | <0.0001 | 2.15(1.57-2.93) | <0.0001

N2 1.10 (0.88 - 1.38) 0.419 0.97 (0.72 - 1.30) 0.838
T-category

1 (Ref) 1.00 - 1.00 -

2 0.90 (0.80 - 1.01) 0.084 0.92 (0.74-1.14) 0.418

3 1.34 (1.12-1.58) 0.001 1.25(1.01 - 1.55) 0.041
Extent of Resection

Greater than lobectomy 1.00 - 1.00 -

Lobectomy 0.74 (0.66 — 0.83) | <0.0001 | 0.58 (0.51-0.65) | < 0.0001
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