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Objective: To identify the prognostic significance of certain clinical, cellular and immunologic markers
in resectable non-small cell lung cancer (NSCLC). Design: A cohort of patients with resectable NSCLC
was prospectively followed up for 8 years (100% follow-up). Setting: A university hospital in a large
Canadian city. Patients: One hundred and thirteen consecutive patients who underwent surgical resection of primary NSCLC. Main outcome measures: Presence of peritumoral B lymphocytes (identified
with antibody to CD20) and T lymphocytes (antibody to CD43), along with tumour markers (carcinoembryonic antigen [CEA], keratin, cytokeratin, S-100 protein, vimentin, chromogranin) and other
factors such as age, sex, cell type, American Joint Committee on Cancer (AJCC) stage, histologic grade,
DNA ploidy and S-phase fraction were correlated with survival. Results: The mean age of patients in
the study was 66.0 years; 60% were male. Histologic types of the tumours were: adenocarcinoma 57
(50.4%), squamous cell 47 (41.6%), adenosquamous 6 (5.3%) and large cell 3 (2.6%). AJCC stages
were: I 66 (58.4%), II 20 (17.7%) and III 27 (23.9%). Histologic grades were: I (well differentiated) 31
(27.4%), II 50 (44.2%), III 29 (25.7%) and IV 3 (2.6%). Survival was 85% at 1 year (95% confidence interval [CI] 76%–90%), 44% at 5 years (95% CI 34%–53%) and 34% at 10 years (95% CI 22%–46%). Multivariate analyses using the Cox proportional hazards model for survival confirmed AJCC stage (p <
0.001) in all histologic subtypes to be the strongest factor of independent prognostic significance. It
also revealed the presence of CD20-stained B lymphocytes (p = 0.04) in the peritumoral region of all
tumours to be a positive prognostic factor. This relation was especially strong for nonsquamous cell carcinomas (p < 0.001). For squamous cell carcinomas, the immunohistochemical presence of CEA was of
marginally negative prognostic value (p = 0.04). DNA ploidy and a high S-phase fraction showed no
evidence of prognostic value for stage I tumours, but for stages II and III tumours there was strong
evidence of prognostic value (p < 0.001 jointly). The evidence for DNA ploidy was especially strong in
stages II and III squamous cell tumours (p = 0.008), and for a high S-phase fraction was strongest in
stages II and III nonsquamous cell tumours (p = 0.002). Conclusions: AJCC stage remains the most
important prognostic indicator from a variety of clinical variables and tumour markers in postoperative
patients with resectable NSCLC. For nonsquamous cell lung carcinomas, the presence of peritumoral B
lymphocytes was strongly associated with improved survival, suggesting an important role for humoral
mediated immunity.
Objectif : Établir l’importance pronostique de certains marqueurs cliniques, cellulaires et immunologiques dans le cas du cancer bronchopulmonaire «non à petites cellules» résécable. Conception :
Une cohorte de patients atteints d’un cancer bronchopulmonaire «non à petites cellules» résécable ont
été suivis de façon prospective pendant huit ans (suivi à 100 %). Contexte : Un hôpital universitaire
d’une grande ville canadienne. Patients : Cent treize patients consécutifs qui ont subi la résection
chirurgicale d’un cancer bronchopulmonaire primitif «non à petites cellules». Principales mesures de
résultats : La présence péritumorale de lymphocytes B (repérés à l’aide de l’anticorps du CD20) et de
lymphocytes T (anticorps du CD43), ainsi que des marqueurs tumoraux (antigène carcino-embryonnaire [ACE], kératine, cytokératine, protéine S-100, vimentine, chromogranine) et d’autres facteurs tels
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l’âge, le sexe, le type de cellules, le stade selon l’American Joint Committee on Cancer (AJCC), le grade
histologique, la ploïdie de l’ADN et la fraction de phase S ont été corrélés au taux de survie. Résultats :
Les patients de l’étude avaient en moyenne 66,0 ans, et 60 % d’entre eux étaient de sexe masculin. La
répartition des types histologiques des tumeurs était la suivante : 57 adénocarcinomes (50,4 %), 47 épidermoïdes (41,6 %), 6 épidermoïdes et glandulaires (5,3 %) et 3 à grandes cellules (2,6 %). La répartition des stades de l’AJCC était la suivante : I : 66 (58,4 %); II : 20 (17,7 %); III : 27 (23,9 %). La répartition des grades histologiques était la suivante : I (bonne différenciation) : 31 (27,4 %); II : 50 (44,2
%); III : 29 (25,7 %); IV : 3 (2,6 %). La survie s’établissait à 85 % après un an (intervalle de confiance
[IC] à 95 % = 76 %–90 %), à 44 % après cinq ans (IC à 95 % = 34 %–53 %) et à 34 % après dix ans (IC à
95 % = 22 %–46 %). Les analyses multidimensionnelles de la survie effectuées à l’aide du modèle Cox de
risque proportionnel ont confirmé que le stade de l’AJCC (p < 0,001) constituait le facteur le plus puissant sur le plan de l’importance prédictive indépendante pour tous les sous-types histologiques. Les
analyses ont également révélé que la présence de lymphocytes B marqués par CD20 (p = 0,04) dans la
région péritumorale de toutes les tumeurs constituait un facteur prédictif positif. Cette corrélation était
tout particulièrement importante pour les carcinomes de type non épidermoïde (p < 0,001). Pour ce qui
est des carcinomes de type épidermoïde, la présence immunohistochimique d’ACE avait une valeur prédictive légèrement négative (p = 0,04). Rien n’indiquait que la ploïdie de l’ADN et la fraction de phase
S présentaient une valeur prédictive pour les tumeurs de stade I, bien qu’il y ait eu de solides preuves
qu’elles avaient une valeur prédictive dans le cas des tumeurs de stades II et III (p < 0,001, ensemble).
Les données probantes relatives à la ploïdie de l’ADN s’avéraient particulièrement convaincantes pour
les tumeurs de type épidermoïde de stades II et III (p = 0,008), et celles relatives à la fraction de phase S
avaient le plus d’importance lorsqu’il s’agissait de tumeurs de type non épidermoïde de stades II et III
(p = 0,002). Conclusions : Chez les patients atteints d’un cancer bronchopulmonaire «non à petites
cellules» résécable qui ont subi l’intervention chirurgicale, le stade de l’AJCC demeure l’indicateur
pronostique le plus important d’une variété de variables cliniques et de marqueurs tumoraux. En ce qui
concerne les carcinomes du poumon de type épidermoïde, un lien étroit a été établi entre la présence
péritumorale de lymphocytes B et une amélioration de la survie, ce qui laisse croire que l’immunité à
médiation humorale joue un rôle important.

L

ung cancer continues to be the
main cause of cancer death in
Canada.1 In the United States, more
individuals die yearly from non-small
cell lung cancer (NSCLC) than from
colorectal and breast carcinomas
combined.2 The TNM staging in
lung cancer has proven to be the
most important prognostic factor for
these patients.3 However, reports of
wide-ranging survival rates for similar
tumours4–11 have fuelled the search
for better prognostic markers, ranging from clinical factors9 to serum5,12
and tumour molecular markers.13
This discrepancy suggests a need for
better prognostic factors to both improve the accuracy of survival predictions and guide therapeutic options
after resection.
Numerous prognostic markers in
resectable NSCLC have been evaluated, but conflicting reports and lack
of clinical applicability have rendered
many of these valueless.13 Immunohistochemistry has enabled the assessment of various tumour markers, including those involved in a local
immune response to neoplasms. Although immunodeficiency has been
associated with poor prognosis in pa-

tients with cancer, including lung
cancer, efforts at immunotherapy
have yet to yield consistent, satisfactory results.14,15 Also, little is known
about the localized immune response
to lung carcinomas at the site of the
primary tumour, and its effect on
prognosis. This report, undertaken at
a single institution with 100% followup, aims to determine the prognostic
value of such a localized immunologic response by identifying the lymphocytic subsets around a resectable
tumour at the time of surgery and
correlating their presence with longterm survival. Other suggested factors
of prognosis and potential tumour
markers are also assessed for their
prognostic significance.
Patients and methods
Patient selection

One hundred and thirteen consecutive patients having primary
NSCLC who underwent surgical resection and staging between January
1988 and December 1991 were
studied prospectively. Data were entered into the institution’s cardiotho-

racic surgery database. All patients
were followed up by either the referring physician or surgeon (100%
follow-up) until closure of the study
(August 1998) or death.
Clinical and pathologic analysis

Data were prospectively gathered
on the patient’s age, gender, smoking history, family history of lung
cancer, type of operative procedure,
dose and timing of postoperative radiotherapy, and date of last followup or death. Lungs or lobes resected
at surgery were inflated through the
airways with 10% buffered formalin
and fixed overnight. Segmental and
wedge resections were injected with
a syringe and needle containing formalin. They were sliced, and representative blocks from the tumour,
lymph nodes and bronchial resection
margins were processed for routine
histologic examination and embedded in paraffin. Then, 5-µm thick
sections were cut, stained with hematoxylin and eosin and, as required,
periodic acid Schiff and mucicarmine
stains. Histologic types of the tumours were determined according to
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World Health Organization criteria.16
Tumours were divided into 1 of 4
histologic grades: I (well differentiated), II (moderately differentiated),
III (poorly differentiated), and IV
(undifferentiated). Additional data
included size of the tumour, status of
regional lymph nodes, and sites of
distant metastases. The American
Joint Committee on Cancer (AJCC)
stage of each tumour was determined using the TNM system.3,17
DNA flow cytometry

Formalin-fixed paraffin-embedded
blocks from the primary tumours
were selected for DNA flow cytometric (FCM) analysis. The method used
for the preparation, staining and
FCM analysis was similar to that described by Hedley and associates,18
with slight modification. In brief, 50µm sections were cut, deparaffinized
and treated with pepsin (Sigma, St.
Louis) and RNAse solutions
(Boehringer Mannheim, Indianapolis). After incubation, the cells were
centrifuged and stained in an appropriate volume of 50 mg/mL propidium iodide (Calbiochem, La Jolla,
Calif.) to bring the final concentration of the nuclear suspension to 1 to
2 × 106 nuclei/mL. Nuclear DNA
content was measured using an
EPICS profile II flow cytometer
(Beckman Coulter, Fullerton, Calif.)
and the red fluorescence signals
(>610 nm) were analyzed. A minimum of 20 000 events were measured in each analysis. Eight samples
could not be included in this study
because, despite repeated analysis, the
quality of the DNA histograms was
poor (coefficient of variance exceeding 7% or presence of excessive debris
above 35% of the number of events).
By definition, the first peak observed in the histogram was classified
as diploid and subsequent peaks
aneuploid, since it was impossible to
include external ploidy standards in
paraffin-derived material.19 Diploid
tumour populations were defined as
having a single G0/G1 peak. Tu182

mours were considered aneuploid if
there was evidence of a distinctly separate second G0/G1 peak. The cell
cycle was analyzed with the use of
multicycle software (Phoenix Flow
Systems, San Diego). The mean (±2
standard deviations) of the diploid
tumours was selected arbitrarily as a
cutoff for a high S-phase fraction.

slides were dehydrated and mounted.
The results of L26 and MT1 staining
were interpreted as positive if more
than 10% of the infiltrating lymphocytes were stained with the antibody.
For the other antibodies, the results
were interpreted as positive if more
than 10% of the malignant cells
stained with the antibody.

Immunohistochemistry

Statistical analysis

From selected blocks (1–3 per
case), 5-mm thick paraffin sections
were mounted on glass slides coated
with a transparent white glue and
dried overnight in a 37 °C oven. The
sections were deparaffinized by 3 consecutive changes of xylol (10 minutes
each) and brought to water through
graded changes in ethanol concentration. After rinsing, sections were digested at 37 °C in 0.1% trypsincalcium chloride, pH 7.8. All sections
were then placed for 30 minutes in a
3.5% solution of hydrogen peroxide
in methanol to block endogenous
peroxidase and subsequently for 10
minutes in bovine serum albumin
blocking solution. The sections were
then incubated with the primary antibody, specifically MT1 antibody recognizing the CD43 epitope for T
lymphocytes (Clonab, Denville, NJ) 1
in 50 dilution, and the L26 antibody
recognizing the CD20 epitope on B
lymphocytes (Dako, Carpenteria,
Calif.) 1 in 200 dilution, cytokeratin
(Becton Dickenson) 1 in 10 dilution,
keratin (Dako) 1 in 400 dilution,
vimentin (Dako) 1 in 50 dilution,
chromogranin (Signet, Dedham,
Mass.) 1 in 3 dilution, CEA (Dako) 1
in 300 dilution, and S100 protein
(Dako). Incubation with the primary
antibody was done in a moist heat
chamber at 37 °C for 1 hour, after
which the slides were rinsed with
TRIS buffer, incubated with the secondary biotinylated antibody at 37 °C
for 20 minutes, then with streptavidin
horseradish peroxidase complex for
20 minutes and finally developed with
diaminobenzidine. After counterstaining with Mayer’s hematoxylin, the

The Wilcoxon test for censored
data, as computed by the SAS
LIFETEST,20 was used to test for significant survival difference among categories for categorical factors. This is
the Gehan–Wilcoxon test when there
are only 2 categories. For multivariate
analysis, Cox regression21 was done
with EGRET (EGRET [1991] Statistics and Epidemiology Research Corporation, Seattle). For a binary factor,
the log-rank test corresponds to the
test of significance reported by Cox
regression for the simple model relating survival to 1 factor. Kaplan–Meier
survival estimates were computed and
plotted with EGRET. The tics on the
curves each represent the end-ofstudy time for a surviving patient
(i.e., a censored time). Confidence
intervals (CIs) are given as computed
by EGRET, except at 0% or 100%
survival, where these were replaced
with Blyth–Still exact binomial intervals.22 Residual analysis suggested a
lack of fit of the Cox assumption of
proportional hazards due to the survival difference between stage I and
other stage data, so initial analyses
were done separately for stage I data
and stages II and III data. Best subset
regression was performed for both
groups for selection of best fitting
Cox models. These included interaction terms involving stage (I v. II and
III), cell type (squamous v. nonsquamous) and gender. The inclusion of
interaction terms allowed good fits of
Cox models to the entire data set.
The 2 main effects corresponding to
any interaction term were always included, as they should be.
For descriptive purposes, to avoid
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having to interpret the meaning of
interactions in Cox models, results
are presented for subgroups of staging and cell type, and reported p values (2-sided) are from the SAS
PROC LIFETEST Wilcoxon test applied only to the subgroup being discussed; p values greater than 0.01 are
discounted to partly account for
chance in covariate selection.
Results
Of the 113 patients in our study
population, 68 (60.2%) were men
and 45 (39.8%) were women. The
mean age of the group at the time of
surgery was 66.0 years, with a range
(and standard deviation) from 43 to
84 (8.7) years. Current smokers
numbered 104 (92.0%), and 12
(10.6%) had a positive family history
for lung cancer. Surgical procedures
included lobectomy in 83 patients
(73.4%), pneumonectomy in 10
(8.8%), wedge excision in 10 (8.8%),
segmentectomy in 6 (5.3%), and a
combination of these in 4 (3.5%).
The histologic tumour types were
as follows: 57 (50.4%) adenocarcinomas, 47 (41.6%) squamous cell carcinomas, 6 (5.3%) adenosquamous carcinomas, and 3 (2.6%) large cell
carcinomas. Histologic grades were as
follows: 31 (27.4%) grade I, 50
(44.2%) grade II, 29 (25.7%) grade
III and 3 (2.6%) grade IV. The AJCC

stages at time of resection were as follows: 66 (58.4%) stage I, 20 (17.7%)
stage II and 27 (23.9%) stage III.
There were no operative deaths.
Regarding ploidy status, 47
(41.6%) patients had diploid tumours,
58 (51.3%) had tumours with aneuploid populations, and in 8 (7.1%) the
status was undetermined. The S-phase
fraction (proliferative index) for all patients was recorded as low (69
[61.1%] patients), undetermined (23
[20.3%]) or high (21 [18.6%]).
Immunohistochemical
marker
analysis revealed the following: 60
(53.1%) patients had tumours that
were positive for keratin, 101 (89.4%)
were positive for cytokeratin, 95
(84.1%) were positive for CEA, 7
(6.2%) were positive for S-100 protein,
3 (2.6%) were positive for vimentin
and 6 (5.3%) were positive for chromogranin. In the peritumoral tissue, 69
(61.1%) patientswere positive for
CD43 (MT-1), and 65 (57.5%) were
positive for CD20 (L26, Table 1). Ten
(8.8%) specimens for CD43 and 11
(9.7%) specimens for CD20 could not
be evaluated. CD43 served as a marker
for T lymphocytes, and CD20 served
as a marker for B lymphocytes.
Survival data

Survival was measured from the
date of operation until closure of the
study or death. Median follow-up of

all patients was 40.2 months (range
from 1.3 to 112.3 months). Survival
for the study group at 1 year was 85%
(95% CI 76%–90%), 57% (95% CI
46%–66%) at 3 years, 44% (95% CI
34%–53%) at 5 years and 34% (95%
CI 22%–46%) at 10 years. Univariate
and multivariate analyses demonstrated that survival was related significantly to AJCC stage (p < 0.001);
survival decreased as stage increased
(Fig. 1). However, survival was not
influenced overall by either the histologic cell type (p = 0.87, Fig. 2) or
the grade of the tumour (p = 0.15,
Fig. 3). Univariate analysis of prognostic markers indicated the presence
of B lymphocytes (CD20 staining)
around the tumour margins to be the
only independent prognostic factor (p
= 0.04, Fig. 4). The presence of either T lymphocytes (p = NS) or other
studied prognostic factors did not
have any impact on survival (Table
1). The best fitting overall multivariate Cox regression included a strong
L26 effect (hazard ratio 0.16, 95% CI
[0.06–0.42]) and strong interactions
between gender and L26 and between staging and DNA (DNA denotes the 3 categories shown in Fig.
5). However, owing to missing data
for L26 and for DNA, this model was
based on only 95 patients. More data
were fit when Cox regressions were
done separately for 47 patients with
squamous cell carcinoma and for 60
Stage
1 yr
I —–— 0.86–0.98
II · – – · 0.50–0.89
III - - - - 0.46–0.81

100

Table 1
UnivariateAnalysis of Various Prognostic Factors for All
113 Patients
Positive result,
no. (and %)

p value

68/45

0.16

Mean (and SD) age, yr

66 (8.7)

0.96

Aneuploidy

58 (51.3)

0.15

L26 antibody

65 (57.5)

0.04

MT1 antibody

69 (61.1)

0.42

7 (6.2)

0.45

Sex, M/F

S100 protein
Keratin

60 (53.1)

0.69

CEA

95 (84.1)

0.28

101 (89.4)

0.71

Vimentin

3 (2.6)

0.90

Chromogranin

6 (5.3)

0.18

Cytokeratin

CEA = carcinoembryonic antigen.

8 yr
0.38–0.67
0.04–0.38
0.07–0.35

75

Survival, %

Clinical variables
and tumour markers

5 yr
0.47–0.72
0.09–0.45
0.07–0.35

50

25

0
0

20

40

60

80

100

120

Months

FIG. 1. Survival by American Joint Committee on Cancer
stage for all 113 patients, p < 0.001. Figure legend indicates
the 95% confidence intervals at 1, 5 and 8 years.
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from the best fitting Cox models
with interactions.

patients with nonsquamous cell carcinoma. The squamous cell model retained CEA and the staging and
DNA interaction. The nonsquamous
cell model retained L26 and the
staging and DNA interaction. The
gender and L26 interaction was not
retained because of the relative weakness of the effect (p = 0.025). For
these data, interactions were strong
effects, so a regression tree approach,
splitting by staging or cell type, yields
a much clearer illustration of the
results than presentation of the Cox
regressions. Splitting by staging or
cell type makes sense, since they are
both statistically important for these
data and, being well-established
markers, are biologically important.
The results that follow, and the figures, accurately reflect conclusions
100

Cells
Squamous
—–—
Nonsquamous - - - -

Stage I tumours

For the 66 patients with stage I
tumours, complete data for all prognostic factors were available in 62.
The Cox proportional hazards regression model did not identify any individual prognostic factors, and patients
with squamous cell carcinoma had a
similar survival to those with nonsquamous cell carcinoma (p = 0.18).
However, in the 41 patients with
stage I nonsquamous cell carcinomas,
survival was significantly better in
those with B-lymphocyte (CD20) infiltrates (p = 0.002); this was not the
case for the 21 patients having stage I
squamous cell carcinomas (p = NS).

For the 47 patients with stages II
and III carcinomas, complete data
for all prognostic factors were available in 43. No differences in survival
were observed between squamous
and nonsquamous cell carcinomas (p
= NS). For the 19 patients with stage
II or III nonsquamous cell carcinomas, survival was significantly better
in patients with B-lymphocyte
(CD20) infiltrates (p = 0.006). Also,
a high S-phase fraction was an individually negative prognostic factor in
this subgroup of patients (p =
0.002). In the subgroup of 26 patients having stage II or III squamous cell tumours, diploidy was of
positive prognostic significance (p =
0.008). These effects are seen jointly

100

1 yr
5 yr
8 yr
0.74–0.94 0.27–0.55 0.27–0.55
0.71–0.90 0.33–0.58 0.24–0.51

Grade
1 —–—
2 ·––·
3,4 - - - -

Survival, %

50

8 yr
0.22–0.58
0.06–0.43
0.22–0.66

25

0

0
20

0

40

60

0

120

100

80

20

40

FIG. 2. Patient survival according to the histologic type of the
tumour for all 113 patients, p = 0.87. Figure legend indicates
the 95% confidence intervals at 1, 5 and 8 years.
100

L26 stain
Negative —–—
Positive · – – ·

60

80

100

120

Months

Months

FIG. 3. Patient survival based on tumour grade for all 113 patients, p = 0.15. Figure legend indicates the 95% confidence
intervals at 1, 5 and 8 years.
100

1 yr
5 yr
8 yr
0.61–0.89 0.12–0.42 0.12–0.42
0.80–0.96 0.40–0.65 0.29–0.58

Stages II and III (n = 45)
DNA measures
1 yr
5 yr
8 yr
Diploid, low prol. 0.59–0.95 0.10–0.47 0.10–0.47
index –——
High proliferation 0.04–0.61 0.01–0.47 0.00–0.38
index · – – ·
Others - - - 0.47–0.86 0.06–0.38 0.04–0.32

75

Survival, %

75

Survival, %

5 yr
0.27–0.63
0.20–0.46
0.40–0.76

50

25

50

25

50

25

0
0

20

40

60

80

100

120

Months

FIG. 4. Patient survival by L26 status (presence of peritumoral B
lymphocytes) in 102 patients, p = 0.04. Figure legend indicates the 95% confidence intervals at 1, 5 and 8 years.
184

1 yr
0.73–0.97
0.60–0.84
0.68–0.95

75

75

Survival, %

Stage II and stage III tumours
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FIG. 5. Survival by S-phase fraction in 47 patients with stage II
and stage III tumours, p = 0.001. Figure legend indicates the
95% confidence intervals at 1, 5 and 8 years.
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in Fig. 5, based on all 47 patients.

guide therapy after surgical resection.
Resected tumours could be tested
for specific prognostic indicators,
leading to the selection of appropriate adjuvant therapy in selected patients. Unfortunately, there has been
little success in consistently identifying such tumours, and adjuvant therapy in lung carcinomas has led to
only modest survival advantages. It is
possible that in prognosticating survival from resectable NSCLC, the
patient’s immune status at the time
of resection may be important and
measurable. Ongoing work suggests
that immunotherapy may become a
valuable adjuvant therapy. With this
in mind, the present study aimed to
determine the impact of lymphocytic
markers, namely CD20 (L26) for B
lymphocytes and CD43 (MT1) for T
lymphocytes, along with a variety of
tumour-related markers, for their
prognostic significance.
Survival in our series was clearly
linked to the stage of disease at the
time of resection. Tumour stage is
one of the few consistent prognostic
factors.13 However, our results suggesting no difference in survival
based on histologic subtype or tumour differentiation simply adds
more controversy to this issue. Unlike patients reported by the Lung
Cancer Study Group,5,23 our patients

Nonsquamous cell tumours

For all 66 nonsquamous cell carcinomas, a lower stage correlated with
improved survival (p = 0.003). The
only other independent factor of prognostic significance was the presence of
B lymphocytes in tissue surrounding
the tumour, identified by positive
staining to CD20 (L26). Its presence
was associated with a significant survival advantage (p < 0.001, Fig. 6).
Squamous cell tumours

For all 47 squamous cell carcinomas, lower stage was again associated
with prolonged survival (p < 0.001).
The only other important independent prognostic factor of statistical
significance was CEA, where tumours
testing positively for this antigen suggested a trend towardshorter survival
(p = 0.04, Fig. 7). Contrary to the results of nonsquamous cell carcinomas,
the presence of B lymphocytes
(CD20) was not a significant prognostic factor in squamous carcinomas.
Discussion
The major value of prognostic
markers in NSCLC should be to

Nonsquamous (n = 60)
L26 stain
1 yr
5 yr
8 yr
Negative —–— 0.43–0.84 0.04–0.40 0.04–0.40
Positive - - - - - 0.75–0.96 0.44–0.75 0.29–0.65

100

with squamous cell carcinoma did
not have a superior outcome over
patients with other histologic tumour types, supporting the results of
other researchers.6–9 Similarly, our results showing no change in survival
based on tumour differentiation supported the findings of Harpole
and associates9 in contrast to those
of other studies, which suggested an
improvement in survival with welldifferentiated lung tumours.8,24,25
Finally, the results of our flow
cytometry analysis revealed a 51.3%
incidence of aneuploid tumours, well
within the reported ranges of 45% to
76%.26–28 As with the similar controversies surrounding histologic type
and tumour grade, our results showing no significant benefit in overall
survival with diploid tumours versus
aneuploid tumours both supported29–32 and disagreed8,26,28,33 withprevious findings. However, our data
did suggest that within specific
groups, namely stages II and III tumours, a high S-phase fraction was
associated with poor survival, and patients with diploid stage II or III
squamous cell carcinomas had better
survival. The association of a high Sphase fraction and poor survival has
been both suggested33 and refuted31
in previous studies. For our analysis,
it was useful to consider DNA ploidy
Squamous (n = 47)
CEA
1 yr
5–8 yr
Negative —–— 0.51–0.99 0.42–0.95
Positive - - - - - 0.70–0.94 0.17–0.46

100

75

Survival, %

Survival, %

75

50

50

25
25
0
0

20

40

60

80

100

120

Months

0
0

20

40

60

80

100

120

Months

FIG. 6. Survival by L26 status (presence of peritumoral B lymphocytes) in 66 patients with nonsquamous cell carcinomas,
p < 0.001. Figure legend indicates the 95% confidence intervals at 1, 5 and 8 years.

FIG. 7. Survival according to CEA status in 47 patients with
squamous cell carcinomas, p = 0.04. Figure legend indicates
the 95% confidence intervals at 1, 5 and 8 years.
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and S-phase fraction jointly (i.e., the
categories in Fig. 5). Still, it is unclear why this would have strong
prognostic value for stages II and III
tumours but not at all for stage I tumours. Accordingly, histologic type,
tumour grade, DNA content and Sphase fraction cannot be considered
reliable and independent prognostic
indicators. With such conflicting literature, other factors of prognosis
need to be assessed. To address this,
we analyzed survival based on the patient’s local immune response to
lung cancer.
Long-term survival in our patients
with NSCLC was significantly better
when B lymphocytes were present in
the peritumoral region at the time of
resection. This observation suggests a
specific link between immune function and survival. Although many factors may explain the variability in survival between patients with identically
staged tumours, this link may be a
reason for the host’s ability to contain
areas of micrometastasis, which are
often present despite complete resection.34 Also, the cell type and its virulence might be different at an unmeasurable level. The nodal status may be
normal by histology, but actually
contain occult nodal metastases when
sensitive immunohistochemical techniques and specific monoclonal antibodies are utilized.35,36 The presence
of these previously undetectable
nodal metastases was recently associated with shorter survival.35,36 In fact,
these reasons and potentially many
more may explain the observed difference in survival among patients of the
same stage. Despite tumour stage being the most important individual
prognosticator of survival in our
study, there exists such variability in
the rate of recurrence that there are
surely other factors involved. We postulate that patients’ humoral immunity must play a determining role in
their long-term survival. This notion
is based on the observed improvement in survival seen in those patients
who were found to have B lymphocytes in the tissue surrounding the tu186

mour. Some researchers have previously quantitated lymphocyte subsets
in patients with lung cancer,37
whereas others have attempted to define the different immune functions
of peripheral blood, regional lymph
node, and tumour infiltrating lymphocytes.38 However, the link between humoral immunity at the site
of a lung tumour and its impact on
survival remains unproven. Greater
impact with nonsquamous cell neoplasms suggests that tumours of this
histologic type may be more prone
to meaningful immunogenicity by
the host. In fact, our evidence for
improved survival in tumours surrounded by B lymphocytes is strong
for adenocarcinoma and adenosquamous carcinoma but negligible for
squamous cell neoplasms.
There are many ideas to explain
why the presence of peritumoral B
cells is involved with prolonged survival. Possibly, this immune response
helps to locally contain some tumours, thereby reducing the true incidence of occult micrometastases. If
occult metastases are present, such
immunity might prolong survival by
limiting further tumour dissemination. Also, the presence of B cells
may be a mirror of the host’s overall
immunity. Those able to mount an
immune response may preselectively
be in better overall condition. As is
commonly seen in aging or multisystem disease, the overall immune
response of the host may become
weaker. Such poor immunity may
actually contribute to tumorigenesis.
In other words, our results cannot
identify whether B cells were attracted by the tumour itself or if they
were present as a reflection of the
host’s superior immune response. Efforts at modulating the host’s immune response have been encouraging,39,40 namely with adoptive and
active immunotherapeutic agents
such as transfer factor and Nocardia
rubra cell wall skeleton. Other attempts at immunotherapy for stage I
NSCLC have yielded controversial
results. Efforts at using intrapleu-
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ral bacille Calmette–Guérin41 or
Corynebacterium parvum42 have not
shown a survival advantage. Nevertheless, there have been some exciting developments, with undoubtedly
many more on the horizon.39
Finally, the presence of CEA, as
identified by immunohistochemistry,
in our patients with squamous cell
carcinoma was associated with a decrease in long-term survival. Measurement of preoperative serum CEA
may be of value as a prognostic factor43,44 but has not been shown to
predict resectability. Previous studies
also suggested that immunocytochemical CEA staining could neither
predict survival nor be correlated
with serum CEA.45 Although CEA
was not an individually prognostic
factor in our whole group of patients, it was a weakly prognostic factor in the subgroup with squamous
cell carcinoma. This association also
remains to be proven. There is no
clear explanation from published investigations43 as to the exact mechanism of elevated CEA levels in lung
cancer. Similarly, although the observed association between the squamous cell presence of CEA and survival is significant, its meaning is
unclear but potentially important.
Two main limitations of this study
must be addressed. First, because the
histologic analysis for this study was
performed between 1988 and 1991,
several new and potentially more
powerful tumour markers were not
studied. Therefore no comment can
be made on the prognostic value of
p53, factor VIII, erb-b2, CD44, or
retinoblastoma recessive oncogene in
our patients.46 Second, the relatively
small sample of patients may decrease
the power of the study. However,
with proper statistical analysis, this
potential drawback has been negated.
The explanations surrounding immunity and survival are admittedly
speculative at this point, but they
should not mask the observation that
humoral (B-cell) immunity played a
role as a prognostic marker in our series. Although no single serum or tu-
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mour marker may ever adequately
predict survival, the combination of
stage and certain factors for specific
tumours may provide clinicians with
more accurate means of assessing
prognosis. This work suggests that
B-cell immunity for nonsquamous
cell carcinomas and measurement of
CEA for squamous carcinomas may
be such factors.
Acknowledgements: Special thanks to Dr.
N. Wang for initiating this study, and to N.
Fosset and F. Denis for their help in data acquisition and extraction. Thanks also to Dr.
Normand Poirier for allowing inclusion of his
patients into this study. Funding for this project was provided by the JM Asbestos Research Fund, Montreal, Que.

References
1. Canadian cancer statistics. Toronto: National Cancer Institute of Canada; 1998.
2. Parker SL, Tong T, Bolden S, Wingo PA.
Cancer statistics, 1996. CA Cancer J Clin
1996;46:5-27.
3. Mountain CF. A new international staging
system for lung cancer. Chest 1986;89:
225S-233S.
4. Naruke T, Goya T, Tsuchiya R, Suemasu
K. Prognosis and survival in resected lung
carcinoma based on the new international
staging system. J Thorac Cardiovasc Surg
1988;96:440-7.
5. Gail MH, Eagan RT, Feld R, Ginsberg R,
Goodell B, Hill L, et al. Prognostic factors
in patients with resected stage I NSCLC: a
report from the Lung Cancer Study
Group. Cancer 1984;54:1802-13.
6. Pairolero PC, Williams DE, Bergstralh EJ,
Piehler JM, Bernatz PE, Payne WS. Postsurgical stage I bronchogenic carcinoma:
morbid implications of recurrent disease.
Ann Thorac Surg 1984;38:331-8.
7. Martini N, Bains MS, Burt ME, Zakowski
MF, McCormack P, Rusch VW, et al. Incidence of local recurrence and second primary tumors in resected stage I lung cancer. J Thorac Cardiovasc Surg 1995;109:
120-9.
8. Ichinose Y, Hara N, Ohta M, Yano T,
Maeda K, Asoh H, et al. Is T factor of the
TNM staging system a predominant prognostic factor in pathologic stage I nonsmall cell lung cancer? J Thorac Cardiovasc
Surg 1993;106:90-4.
9. Harpole DH Jr, Herndon JE 2nd, Young
WG Jr, Wolfe WG, Sabiston DC Jr. Stage

I non-small cell lung cancer: a multivariate
analysis of treatment methods and patterns
of recurrence. Cancer 1995;76:787-96.
10. Lafitte JJ, Ribet ME, Prevost BM, Gosselin BH, Copin MC, Brichet AH. Postresection irradiation for T2N0M0 non-small
cell carcinoma: a prospective, randomized
study. Ann Thorac Surg 1996;62:830-4.
11. Immerman SC, Vanecko RM, Fry WA,
Head LR, Shields TW. Site of recurrence
in patients with stages I and II carcinomas
of the lung resected for cure. Ann Thorac
Surg 1981;32:23-7.
12. Diez M, Torres A, Pollan M, Gomez A,
Ortega D, Maestro ML, et al. Prognostic
significance of serum CA 125 antigen assay in patients with non-small cell lung
cancer. Cancer 1994;73:1368-76.
13. Strauss GM. Prognostic markers in resectable non-small cell lung cancer. Hematol Oncol Clin North Am 1997;11:409-34.
14. Eilber FR, Morton DL. Impaired immunologic reactivity and recurrence following cancer surgery. Cancer 1970;
25:362-7.
15. Holmes EC. Immunology and lung cancer. Ann Thorac Surg 1976;21:250-8.
16. The World Health Organization histological typing of lung tumors. 2nd edition.
Am J Clin Pathol 1982;77:123-36.
17. Beahrs OH, Henson DE, Hutter RV, Myers MH. Manual for staging cancer. 3rd
ed. Philadelphia: J.B. Lippincott; 1988. p.
115-21.
18. Hedley DW, Friedlander ML, Taylor IW,
Rugg CA, Musgrove EA. Method for
analysis of cellular DNA content of paraffin-embedded pathological material using
flow cytometry. J Histochem Cytochem
1983;31:1333-5.
19. Ewers SB, Langstrom E, Baldetorp B, Killander D. Flow cytometric DNA analysis
in primary breast carcinomas and clinicopathological correlations. Cytometry 1984;
5:408-19.
20. SAS/STAT user’s guide, version 6. 4th ed,
vol 2. Cary (NC): SAS Institute; 1989.
21. Rothman KJ, Greenland S. Modern epidemiology. 2nd ed. Philadelphia: Lippincott-Raven; 1998.
22. Blyth CR, Still HA. Binomial confidence
intervals. J Am Stat Assoc 1983;78:108-16.
23. Thomas PA, Piantadosi S. Postoperative
T1N0 non-small cell lung cancer: squamous versus nonsquamous recurrences. J
Thorac Cardiovasc Surg 1987;94:349-54.
24. Lipford EH 3rd, Eggleston JC, Lillemoe
KD, Sears DL, Moore GW, Baker RR.
Prognostic factors in surgically resected lim-

ited-stage, non-small cell carcinoma of the
lung. Am J Surg Pathol 1984;8:357-65.
25. Takise A, Kodama T, Shimosato Y,
Watanabe S, Suemasu K. Histopathologic
prognostic factors in adenocarcinomas of
the peripheral lung less than 2 cm in diameter. Cancer 1988;61:2083-8.
26. Isobe H, Miyamoto H, Shimizu T,
Haneda H, Hashimoto M, Inoue K, et al.
Prognostic and therapeutic significance of
the flow cytometric nuclear DNA content
in NSCLC. Cancer 1990;65:1391-5.
27. Sahin AA, Ro JY, el-Naggar AK, Lee JS,
Ayala AG, Teague K, et al. Flow cytometric analysis of the DNA content of
NSCLC: ploidy as a significant prognostic
indicator in squamous cell carcinoma of
the lung. Cancer 1990;65:530-7.
28. Zimmerman PV, Bint MH, Hawson GA,
Parsons PG. Ploidy as a prognostic determinant in surgically treated lung cancer.
Lancet 1987;2:530-3.
29. Carp NZ, Ellison DD, Brophy PF, Watts
P, Chang MC, Keller SM. DNA content
in correlation with postsurgical stage in
non-small cell lung cancer. Ann Thorac
Surg 1992;53:680-3.
30. Cibas ES, Melamed MR, Zaman MB,
Kimmel M. The effect of tumor size and
tumor cell DNA content on the survival of
patients with stage I adenocarcinoma of
the lung. Cancer 1989;63:1552-6.
31. Schmidt RA, Rusch VW, Piantadosi S. A
flow cytometry study of non-small cell
lung cancer classified as T1N0. Cancer
1992;69:78-85.
32. van Bodegom PC, Baak JP, Stroet-van
Galen C, Schipper NW, Wisse-Brekelmans
EC, Vanderschueren RG, et al. The percentage of aneuploid cells is significantly
correlated with survival in accurately
staged patients with stage I resected squamous cell lung cancer and long-term follow-up. Cancer 1989;63:143-7.
33. Volm M, Hahn EW, Mattern J, Muller T,
Vogt-Moykopf I, Weber E. Five-year follow-up study of independent clinical and
flow cytometric prognostic factors for the
survival of patients with non-small cell lung
carcinoma. Cancer Res 1988;48:2923-8.
34. Stenbygaard LE, Soresen JB, Olsen JE.
Metastatic pattern in adenocarcinoma of
the lung. An autopsy study of 137 consecutive patients with complete resection. J
Thorac Cardiovasc Surg 1995;110:1130-5.
35. Chen ZL, Perez S, Holmes EC, Wang
HJ, Coulson WF, Wen DR, et al. Frequency and distribution of occult micrometastases in lymph nodes of patients
with non-small-cell lung carcinoma. J Natl
Cancer Inst 1993;85:493-8.

Canadian Journal of Surgery, Vol. 44, No. 3, June 2001

187

Pelletier et al
36. Passlick B, Izbicki JR, Kubuschok B,
Nathrath W, Thetter O, Pichlmeier U, et
al. Immunocytochemical assessment of individual tumor cells in lymph nodes of patients with non-small cell lung cancer. J
Clin Oncol 1994;12:1827-32.
37. Wesselius LJ, Wheaton DL, ManahanWahl LJ, Sherard SL, Taylor SA, Abdou
NA. Lymphocyte subsets in lung cancer.
Chest 1987;91:725-9.
38. Nakamura H, Ishiguro K, Mori T. Different immune functions of peripheral blood,
regional lymph node, and tumor infiltrating lymphocytes in lung cancer patients.
Cancer 1988;62:2489-97.
39. Old LJ. Immunotherapy for cancer. Sci
Am 1996;Sept:136-43.
40. Fujisawa T, Yamaguchi Y. Postoperative

immunostimulation after complete resection improves survival of patients with
stage I nonsmall cell lung carcinoma.
Cancer 1996;78:1892-8.
41. Mountain CF, Gail MH. Surgical adjuvent
intrapleural BCG treatment for stage I
non-small cell lung cancer — preliminary
report of the National Cancer Institute
Lung Cancer Study Group. J Thorac Cardiovasc Surg 1981;82:649-57.
42. Ludwig Lung Cancer Study Group. Adverse effect of intrapleural Corynebacterium parvum as adjuvant therapy in resected stage I and II non-small cell
carcinoma of the lung. J Thorac Cardiovasc Surg 1985;89:842-7.
43. Rubins JB, Dunitz J, Rubins HB, Maddaus MA, Niewoehner DE. Serum carcinoembryonic antigen as an adjunct to pre-

operative staging of lung cancer. J Thorac
Cardiovasc Surg 1998;116:412-6.
44. Icard P, Regnard J-F, Essomba A,
Panebianco V, Magdeleinat P, Levasseur
P. Preoperative carcinoembryonic antigen
level as a prognostic indicator in resected
primary lung cancer. Ann Thorac Surg
1994;58:811-4.
45. Ford CH, Stokes HJ, Newman CE. Carcinoembryonic antigen and prognosis after
radical surgery for lung cancer: immunocytochemical localization and serum levels.
Br J Cancer 1981;44:145-53.
46. D’Amico TA, Massey M, Herndon JE 2nd,
Moore MB, Harpole DH Jr. A biologic
risk model for stage I lung cancer: immunohistochemical analysis of 408 patients
with the use of ten molecular markers. J
Thorac Cardiovasc Surg 1999;117:736-43.

SESAP Questions
Questions SESAP
Category 6, Items 30 and 31
A 41-year-old man is brought to a community hospital for stabilization prior to transport after a motorcycle crash. He is comatose and hemodynamically labile and is intubated translaryngeally. Breath sounds are equal bilaterally. A pneumatic compression garment (MAST) was applied in the field because of an unstable pelvic fracture and transient episodes of hypotension and he was given three units of packed red blood cells.
After transport and with a fourth unit being infused the patient has a systolic pressure of 90 torr. He has a blown left
pupil, widened mediastinum, unstable pelvic fracture and C3–4 subluxation.
30. Initial management should be
(A)
(B)
(C)
(D)
(E)

immediate celiotomy
computed tomographic scan of the head, abdomen, and pelvis
angiographic embolization of a pelvic bleeding site
diagnostic peritoneal tap/lavage
a burr hole and emergency thoracotomy to repair traumatic aortic disruption

31. The LEAST likely possible injury contributing to this patient’s hemodynamic lability would be a(n)
(A)
(B)
(C)
(D)
(E)

unstable pelvic fracture
cervical spine fracture
traumatic aortic disruption
solid intra-abdominal organ injury
closed head injury

For the 2 incomplete statements above, select the answer that is best out of the 5 given for each item.
For the critique of Items 30 and 31, see page 209.
(Reproduced by permission from SESAP No. 10 1999–2001 Syllabus Volume 1. For enrolment in the Surgical Education and Self-Assessment Program, please apply to the American College of Surgeons, 633 North St. Clair St., Chicago
IL 60611, USA.)
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