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ABSTRACT: In the staging of lung cancer (LC), tumour size is a variable that can be
used to separate primary tumour, regional nodes, metastasis (TNM), stages T1 and T2
(<3 or >3 cm). The objective of this study was to evaluate the prognostic value of
tumour size before thoracotomy and to determine whether tumour size can be used to
classify LC as T3.

This multi-institutional cooperative longitudinal prospective study in Spanish
hospitals located throughout the country, with a broad range of activity levels,
included all consecutive cases of LC treated surgically from October 1993 to
September 1996 (n=2,361).

Four prognostic groups, characterized by tumour size, were identified according to
the Schoenfeld procedure: a) 0±2 cm (n=173); b) 2.1±4 cm (n=542); c) 4.1±7 cm (n=
413); and d) >7 cm (n=77). The 2-yr survival rates by group were a=0.78 (95% confi-
dence interval (CI) 0.71±0.84); b=0.67 (95% CI 0.62±0.71); c=0.58 (95% CI 0.53±0.63);
d=0.41 (95% CI 0.29±0.52). The log-rank comparisons of the survival curves were
significant for the four groups (a versus b=0.0008, b versus c=0.003, c versus d=0.016).

The clinical tumour size of lung cancer defined four prognostic groups (0±2 cm, 2.1±
4 cm, 4.1±7 cm; and >7 cm). Lung cancer with a diameter >7 cm had a prognosis
similar to that of stage T3 or stage IIB.
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In Spain, the incidence and mortality of lung cancer
(LC) have increased in recent decades [1].

In the initial stages (stages I±II) of non-small-cell lung
cancer (NSCLC), the therapy of choice is surgery if the
patient can tolerate lung resection. However even in these
stages, surgery is not a guaranteed cure. Only 63.5% of
patients with stage I LC treated surgically survive $5 yrs
[2]. Moreover, the results obtained for the same prog-
nostic groups vary widely from one series to another; for
instance, reported 5-yr survival rates for primary tumour,
regional nodes, metastasis (TNM) classification, T1N0M0
tumours range 68.5±83% [3].

These findings suggest the need for other factors, per-
haps of a molecular type, to improve the accuracy of
prognostic predictions and to establish the most suitable
adjuvant therapies [4]. However, in spite of the initially
promising results that have been obtained in initial LC
with factors other than the TNM classification, subseq-
uent studies have failed to confirm the reproducibility of
these factors as prognostic markers [5]. In recent studies
of resected NSCLC, certain molecular markers and tumour
size have shown a similar prognostic value in multivariate
analysis [6, 7]. In other studies of stage IIIA tumours with
complete resection, univariate analysis shows that tumour
size is not an independent prognostic factor for survival
when using a cut-off value of 4 cm, but variables such as
angiogenesis are [8]. In patients with NSCLC undergoing
surgery with intent to cure (stages I±IIIA), univariate

analysis confirms the prognostic value of molecular fac-
tors, separately or associated, but not the prognostic value
of the surgical-pathological tumour size classification [9].
One source of discrepancies in the prognostic value of
molecular factors may be the inconsistency of measure-
ments of the fundamental prognostic factors [3], which
are included in the classification of anatomic extension
(TNM classification stages) [10, 11].

Assuming that studies of multiple prognostic factors in
LC are a necessary step toward improving our capability
for predicting prognosis, each factor used to classify ana-
tomic extension should be analysed independently. The
most frequent category is T2, defined as a tumour >3 cm in
diameter (with no upper limit), with or without other
circumstances (proximity to a main bronchus, visceral
pleural invasion, atelectasis or pneumonitis involving less
than a whole lung). The validation or correction, if nec-
essary, of the data that sustain anatomic classifications is
the first goal in the construction of multifactorial prog-
nostic indexes [12]. As noted by a consensus group of the
International Association for the Study of Lung Cancer
(IASLC), the construction of prognostic scales in LC
using data collected before 1980 may yield questionable
results [12]. Therefore, the IASLC has appointed a
staging group to consider, among other questions, "con-
firmation of the prognostic independence of size in T2 (3
cm versus 4 cm versus 5 cm, etc) in cases of resectable
NSCLC" [12].
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The goal of this study was to evaluate the prognostic
value of clinical tumour size. It was determined whether
various cut-off values for tumour diameter, in the absence
of either visceral pleural involvement or other anatomic
factors justifying a higher T classification, or metastases to
lymph nodes or at a distance, could be an independent
prognostic factor for classifying tumours as higher tumour
(T) (T3) or stage classification in the clinical phase before
thoracotomy.

Material and methods

Study subjects

All the patients included in the study had lung cancer
in initial stages and underwent thoracotomy with intent
to cure in hospitals pertaining to the Bronchogenic Car-
cinoma Cooperative Group of the Spanish Society of
Pneumology and Thoracic Surgery (GCCB-S) [13]. The
population characteristics are described in table 1. In
summary, the authors prospectively included all patients
treated surgically from October 1993 to September 1996
in hospitals participating in the GCCB-S who presented
the clinical picture that defined the initial population
(table 1) [13]. The annual cumulative number of cases
was close to 50% of total cases occurring in Spain. The
participating GCCB-S centres had a wide variety of acti-
vities, including a representative range of number of
beds, teaching or research activities (university and non-
university hospitals), public and private ownership, and
number of interventions per year (8±100 interventions
were performed in participating centres for this disease).
The sample was complete, as verified by the inclusion in
the registry of all patients undergoing surgery, including
incomplete resections and exploratory thoracotomy.

Table 2 shows the initial total number of patients and
exclusions for each study year. Death due to operative
mortality has been excluded. The final number of cases
included in the study of prognostic factors was 1,859.

For the study of clinical tumour size as a prognostic
factor, the cases classified as T1 or T2 without involvement
of the visceral pleura, regional lymph nodes (with classi-
ficatory certainty) (see Methods section), or metastases at a
distance were considered. Within the T2 criteria, proximity
to the main bronchus was not considered to be an exclusion
factor in this study because of its low probability of mo-
difying the prognosis [14]. Although a correct multivariate
analysis of all the cases should control the prognostic
value of tumour size using other T or nodal (N) factors, it
was considered more appropriate to avoid contaminating
the results with data from more advanced tumours. These

conditions were met by 1,205 cases, which included in-
complete resections and exploratory thoracotomies bec-
ause these particular conditions were not known at the
time of the "clinical phase" analysis before thoracotomy.

Methods

In accordance with the initial design, the period of case
recruitment was short. The same criteria for the functional
operability of patients and oncological operability of the
tumour were used in all the GCCB-S hospitals [15].

Each variable recorded in the registry was accompanied
by the diagnostic procedure used for its classification.
When several procedures were used, the procedure with
the best resolution was chosen. Depending on the charac-
teristics of the tumour, clinical tumour size was established
using a chest radiograph or computerized axial tomogra-
phy (CAT); for instance, in vertical diameters, a radiograph
may, in some patients, prove to be more reliable than CAT.
For other characteristics, for example, the classification of
clinical N2 involvement, CAT or mediastinoscopy was
used and the procedure was recorded in the registry. The
degree of certainty of the TNM-stages classification de-
pends on the diagnostic methods used. According to some
international organizations, postmortem study yields the
maximum certainty factor and the clinical findings yield
the minimum certainty factor [10].

The clinical classification of isolated involvement of the
visceral pleura is considered certain only if it is verified by
a validated procedure (thoracoscopy). The classification of
clinical N0 requires, as a minimum, the absence of lymph
node involvement of >1 cm in diameter in areas 4, 7, and
10 in CAT or magnetic resonance imaging (MRI), or the
presence of negative mediastinoscopy in these zones [16].
For the clinical N1 classification, cytohistological cert-
ainty is based on transbronchial fine needle aspiration
biopsy (FNAB) or hilioscopy, and none of the patients in
these series underwent these tests. To confirm the pre-
sence of clinical N2, cytohistological certainty obtained
by transbronchial, transthoracic or transesophageal FNAB,
by mediastinoscopy-mediastinotomy, or by thoracoscopy
is required.

Surgical-pathological N0 is classified by radical me-
diastinal lymph node dissection or sampling of at least four
lymph node areas (2 (only in right LC), 4, 7, and 10 on the
same side as the tumour) [16]. For the purpose of clas-
sifying the presence or absence of mediastinal lymph
node involvement, a randomized study has demonstrated
that sampling has a value similar to that of radical
mediastinal lymph node dissection [17].

Internal and external audits were made firstly to review
the ratio between the number of patients undergoing sur-
gery and the number of cases included in the registry
(standard over 95%) and secondly, to review the validity

Table 1. ± Population characteristics

Clinical situation index
Bronchogenic carcinoma
Initial stages
Thoracotomy

Sample attributes
Representativity
Completeness

Exclusion criteria
Operative mortality
Neoadjuvant treatment with surgery
Unknown evolution since surgery

Table 2. ± Initial total number of patients and exclusions
for each study year

1993±94 1994±95 1995±96 Total

Patients registered 718 822 821 2361
Surgical mortality 51 62 75 188
Induction treatment 42 31 38 111
Loss of follow-up 13 94 96 203
Final population 610 634 611 1859
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of the data recorded for each case (standard >70%), in-
cluding the consistency of tumoural staging. The criterion
for the validity of the survival data was established as the
existence of a known follow-up for $85% of the cases
registered in each hospital [18]. In the hospitals that did
not meet all these conditions, the cases corresponding to
the period of problems were excluded. Finally, correct
data transmission by a single central office from the paper
record to the computer database was verified.

These procedures were designed to control the follow-
ing aspects: selection bias of surgical cases; registered
cases out of the total number of surgical cases; sample size;
type of hospital; prognostic migration due to the prolonged
period of case recruitment; classification with low or
deficient degrees of certainty; contamination by data from
incomplete series or erroneous data, and loss of long-term
follow-up.

Analysis

The Schoenfeld procedure [19] was used to identify
intervals of tumour size related with specific survival
outcomes. In this procedure, the continuous variable of
tumour size was reclassified arbitrarily into intervals or
unit segments (centimetres in this case) with suspected
clinical significance. A series of consecutive and over-
lapping segments was generated and its correlation with
survival was confirmed statistically using the Cox pro-
portional risk procedure [20], which revealed the mag-
nitude of the relative risk for each stratum.

The 2-yr and 3 yr survival of the resulting prognostic
groups was anaysed and 95% confidence intervals (CI)
were calculated using life tables (actuarial survival) and
log-rank comparisons of survival curves. Statistical sig-
nificance was adjusted using the Bonferroni correction for
paired comparisons between strata [21].

Results

Population characteristics

The mean age of the studied population for the purpose
of examining clinical tumour size in relation to prognosis
was 63.4�11 yrs (SD). The clinical tumour type was
epidermoid in 526 patients (44%), adenocarcinoma in 306
(25%), large cell carcinoma in 185 (15%), unclassified
carcinoma (non-small cell) in 180 (15%), and small-cell in
8 patients (1%). Tumour size in small-cell lung cancer
ranged 1.5±4 cm. Ninety per cent of the patients were
male. Exploratory thoracotomy was performed in 161
patients (13%), lobectomy or bilobectomy in 744 patients
(62%), pneumoectomy in 270 (22%), and segmentectomy,
atypical resection, or a combination of procedures in the
rest of the patients

Clinical tumour size

Mean tumour size before thoracotomy in the 1,205 clas-
sified cases was 4.24 cm (SD 1.97; median 2.4 cm; range
0.5±15 cm). In these 1,205 cases categorized as T1±T2
without visceral pleural involvement, N0 metastasis (M0),
12-month survival was 0.78 (95% CI 0.76±0.80) and 24-
month survival was 0.63 (95% CI 0.60±0.66).

Using the Schoenfeld procedure [19], the Cox method
[20] several cut-off values of tumour size were deter-
mined and selected on the basis of survival. Four tumour
size intervals, generally 2±7 cm (table 3) were found.
Each interval increased the risk of death by 50.8%, with
respect to the previous stratum; the different intervals
showed increases of the same magnitude in the 2-yr and
3-yr survival analysis. In this study, 3 cm was not a cut-
off value for tumour size between prognostic categories.

The tumour-size groups had short-term survivals (1±2
yrs after surgery), showing statistically significant differ-
ences (table 3). At 3 yrs the statistical differences between
the four groups were maintained (log-rank =0.0002,
0.009, 0.002, respectively) (fig. 1).

Discussion

The goal of the study was to analyse the prognostic
value of clinical tumour size (as determined by radiology)
of LC, independently of other factors, in initial clinical
(c)T1±T2 stages without invasion of local structures
(visceral pleura), involvement of regional lymph nodes,
or distant metastases. Apart from being helpful in other
areas, such information is perceived to be a valuable tool
in quantifying the magnitude of benefit of the surgical

Table 3. ± Prognostic groups and survival defined by clinical tumour size in relation to risk of death*

Group Size
diameter in cm

n Risk ratio 2 yrs
95% CI

S1
95% CI

S2
95% CI

Log-rank

a 0±2 173 1 0.90 (0.86±0.95) 0.78 (0.71±0.84) 0.0008
b 2.1±4 542 1.9 (1.3±2.7) 0.82 (0.79±0.86) 0.67 (0.62±0.71) 0.003
c 4.1±7 413 2.6 (1.8±3.7) 0.72 (0.68±0.76) 0.58 (0.53±0.63) 0.016
d >7 77 3.9 (2.5±6.2) 0.62 (0.51±0.73) 0.41 (0.29±0.52)

Data are presented as absolute number with 95% confidence intervals in parentheses. *: according to the procedure of SCHOENFELD [19].
The risk ratio was calculated according to the Cox method [20]; S1: cumulative probability of survival at 1 yr; S2: cumulative probability of survival

at 2 yrs.
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Fig. 1. ± Cumulative probability of survival after treatment according to
clinical tumour size; : 0±2 cm in diameter; ± ± ± : 2.1±4 cm; - - - : 4.1±7
cm; ± - ± - : >7 cm. Operative deaths are excluded.
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treatment with regard to risk. The study comprised a large
series of recent cases collected over a short time period.
The study was multi-institutional and representative of
cases of LC treated surgically in Spain, with an initial
design conceived to control the usual bias in prognostic
and/or therapeutic studies. These aspects of the methodol-
ogy are particularly important in view of the variations in
survival reported by different series for the same prog-
nostic categories of LC [3].

The analysis found four groups of clinical tumour sizes
related to risk of death: 0±2 cm; 2.1±4 cm; 4.1±7 cm; and
>7 cm. The 3 cm value was not confirmed as a prognostic
separator in staging by the current study. The short-term
survival (1±2 yrs) after surgery in the group of patients
with tumours >7 cm in diameter is similar to that of TNM
anatomic classifications and/or stages superior to T2/IB
(table 4). For LC >7 cm in diameter, the 2-yr probability
of survival is closer to that of cT3N0M0 or cT2N1M0, or
stage cIIB [22], than to the survival of the category in
which it theoretically belongs, cT2N0M0 (2-yr survival
probability: 0.54) [22].

When evaluating these results, the univariate nature of
the study, which excluded other LC groups from analysis,
should be emphasized. These other LC groups, might, in
multivariate analysis, demonstrate the independent prog-
nostic value of tumour size, even in the presence of more
advanced tumour classification conditions.

The comparison of the present data with a recently
published study of survival using the TNM-staging classi-
fication [22] is appropriate because its prognostic data
was used for the elaboration of the new 1997 classifica-
tion [11], (data is reported in clinical and/or surgical-
pathological categories on a yearly basis for 5 yrs), and
also because it includes small-cell LC in cT1-2N0M0
(3.8% in their series [22]) and excludes cases of surgical
mortality that occurred in the first 30 days after surgery.
However, it is not clear if thoracotomy with incomplete
resection and exploratory thoracotomy are included in the
data relative to the clinical phase and the surgical-
pathological classification.

Each prognostic category of the TNM classification (T1,
T2, N2, etc) contains distinct internal components (tumour
size, atelectasis, invasion of specific neighbouring struc-
tures). In theory, each component should be analysed in-
dependently so that, after a correct classification has been
made, their prognostic value in relation to different sur-
vival times can be determined.

Of the components making up each prognostic category,
the first factor evaluated by the GCCB-S was tumour size.
This variable has a high level of classificatory certainty that
is attainable with simple, universally available methods
(chest radiograph or thoracic CAT); no prognostic mig-
ration is expected as a result of advances in diagnostic

technology. The prognostic value of tumour size has been
studied for many years [23±25]. In 1974, the first TNM
classification was described after an evaluation of more
than 300 curves and survival tables for 2,155 patients
treated in the previous 4 yrs [26], which has conserved its
basic structure until the present. One criterion that has not
changed is the tumour size used to differentiate the T1
and T2 categories, which has a cut-off value of 3 cm. In
fact, T3, as described in 1974, has undergone more
modifications as a result of the prognostic stratification of
its internal variables. However, T2 has not changed sub-
stantially other than to incorporate visceral pleural in-
volvement. In a recent publication of prognostic data,
which largely sustains the new tumoural classification of
anatomic extension of 1997 [22], ~7,000 cases were
evaluated, of which >5,000 cases were collected after
1975 and almost 4000 cases were evaluated before CAT
was introduced in 1982.

As shown in table 4, the prognostic significance of
tumours >7 cm is similar to that of TNM groups or more
advanced clinical stages. Compared with other recent
experiences (2,382 resected NSCLC), the probability of
survival at 2 yrs calculated by the GCCB-S for tumours
>7 cm in diameter was similar to that of stage IIIA (T.
Naruke, National Cancer Centre, Tokyo, Japan; personal
communication, 1997). Some groups have recommended,
in the light of survival data, that LC >5 cm in diameter be
classified as a higher category of T2 (stage IB) or by
creating a new category, T2bN0M0, within stage II [24].

In recent literature, cases of LC treated by surgical
resection in Spain show significant prognostic differences
for small variations in tumour size: for example, between
two groups of tumours <3 cm (0±2 cm versus 2±3 cm)
found in a population of 154 T1N0M0 patients had signi-
ficantly different 5- and 10-yr prognoses after surgery [14].

In initial stages of LC in functionally inoperable patients
who were treated by irradiation, different survival levels
(considering only LC-specific mortality) have been det-
ected for different tumour-size cut-off values. The 3-yr
survival rate was 30% for tumours >3 cm, 17% for 3±6 cm,
and 0% for tumours >6 cm (only 9 cases) [27].

Prognostic results vary for initial lung cancer stages
when the variable tumour size is controlled, even when
restricted to T1-2N0M0 groups. This may be due to the
presence of other variables contained within T1 or T2 [10],
to biological-molecular factors [4], or to association with
other diseases [28]. With regard to comorbidity, a large
percentage of patients with initial stages of LC die from
associated disease [27, 28].

This study has certain limitations, the first of which is
the absence of internal validation. The study population is
described herein, but not the validation population, which
has not yet been evaluated because it was recruited in the
final year (1996±1997). Another limitation is that the data
correspond to a short follow-up period (2 yrs), although
ideally the final analysis time in LC should be 10 yrs.
However, values obtained at 1, 2 and 3 yrs and the survival
curves are fundamental for responsible decision-making by
the physician and patient [29].

Given the current possibilities for obtaining homogene-
ous populations and using homogeneous study methods,
and the current ease of information exchange, a process of
convergence among databases throughout the world should
be started and their compatibility studied. This would lead

Table 4. ± Prognostic equivalence between some clinical
tumour sizes and the new tumour classification (1997)

First author [Ref] Category n 2-yr
survival

Present author T >7 cm, N0, M0 77 0.41
MOUNTAIN [22] T3, N0, M0 107 0.37
MOUNTAIN [22] T2, N1, M0 250 0.42
MOUNTAIN [22] IIB 357 0.41
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to larger and more representative sample sizes; which
would probably improve prediction and prognostic accu-
racy. This measure is considered necessary and is defended
as a major research challenge in lung cancer by the In-
ternational Association for the Study of Lung Cancer [12],
which proposes to "collect and review existing databases
of cooperative groups and other institutions in order to
validate clinical primary tumour, regional nodes, metas-
tasis" in non-small-cell lung cancer.

Bronchogenic carcinoma cooperative group of the Spa-
nish society of pneumology and thoracic surgery

Coordinators: J. Luis Duque (Hospital Universitario, Vallado-
lid); A. LoÂpez Encuentra (Hospital Universitario 12 de Octubre,
Madrid); R. Rami Porta (Hospital Mutua de Terrassa, Barcelona).
Local representatives: J. Astudillo (Hospital Germans Trias i
Pujol, Barcelona); E. CanalÂs, J. Belda (Hospital Clinic, Barce-
lona); A. CantoÂ, A. Arnau (Hospital ClÂnico, Valencia); J. Casan-
ova, M. MarinÄan (Hospital de Cruces, Bilbao); J. Cerezal, F.
Heras (Hospital Universitario, Valladolid); A. FernaÂndez de Rota,
R. Arrabal (Hospital Carlos Haya, MaÂlaga); F. GonzaÂlez Arago-
neses, N. Moreno (Hospital Gregorio MaranÄoÂn, Madrid); J.
Freixinet, P. RodrÂguez Suarez (Hospital Nuestra SenÄora del Pino,
Las Palmas); N. Llobregat, J. Antonio Garrido (Hospital Uni-
versitario del Aire, Madrid); N. ManÄes, J.M. GarcÂa Prim (Fun-
dacioÂn JimeÂnez DÂaz, Madrid); M. Mateu, E. Barbeta Sanchez
(Hospital Mutua de Terrassa, Barcelona); J. Luis MartÂn de
NicolaÂs, C. MarroÂn (Hospital Universitario 12 de Octubre, Ma-
drid); N. Novoa (Complejo Hospitalario, Salamanca); J. Rod-
rÂguez, F.A. de Linera (Complejo Hospitalario, Oviedo); A. JoseÂ
Torres GarcÂa, A. GoÂmez (Hospital Universitario San Carlos,
Madrid); J. JoseÂ Rivas, M. de la Torre (Hospital Juan Canalejo, La
CorunÄa); A. Sanchez-Palencia, F. Javier Ruiz Zafra (Hospital
Virgen de las Nieves, Granada); A. Varela Ugarte, P. Gamez
(ClÂnica Puerta de Hierro, Madrid); Y. Wah Pun (Hospital de la
Princesa, Madrid). Data analysis: P. Ferrando, A. GomeÂz de la
CaÂmara (Unidad de EpidemiologÂa ClÂnica, Hospital Universitario
12 de Octubre, Madrid).
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