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Abstract

Lung cancer is the most frequent cancer in the world, and its sur-
vival remains poor.
Objectives

1) To determine survival of lung cancer by stage; 2) To identify
factors that explain and predict the likelihood of survival and the risk
of dying from this cancer and 3) To find out the distribution of lung
cancer cases by stage.
Methodology

Retrospective follow-up study of people diagnosed with inva-
sive lung cancer during 2006-2011, identified through the Mallorca
Cancer Registry. Cases ascertained only by death certificate and
lymphomas were excluded. Sex, age, diagnostic method, histology,
T, N, M, and stage, date of diagnosis, date of follow-up or death,
and cause of death were collected. End point of follow-up was 31st
December 2013. Multiple Imputation (MIl) method was performed to
obtain stage when unknown. Actuarial and Kaplan-Meier methods
were used for survival analysis. Extended Cox models were built to
identify factors that explain and predict survival.
Results

A total of 2,576 lung cancer cases were diagnosed, 18.8% in
women, with a mean age of 66 years. Survival by stage at 5 years
after diagnosis was 46% at stage IA, 40% at stage 1B, 45% at stage
A, 22% at stage 1IB, 16% at stage IlIA, 7% at stage IlIB, and 3% at
stage |V, 5 years after diagnosis. Women, younger cases, patients
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with adenocarcinoma, and patients diagnosed in IA, IB and IlA stag-
es had a better prognosis.
Conclusion

Lung cancer survival was similar for IA, IB and IIA stages, but
worsened remarkably in more advanced stages. It was also influ-
enced by age, sex, and histology.

Introduction

Lung neoplasms were the most common cancer worldwide in
2012 and the first cause of tumor-related deaths in developed coun-
tries when both sexes were considered together [1]. In Spain, lung
cancer is the third most common cancer in men and the fourth in
women. The Spanish Network of Cancer Registries (REDECAN)
has estimated that in 2015 age-standardized incident rates (world) for
lung cancer were 50.5 per 100,000 (44.4-57.4) in men and 12.7 (11.4-
14.3) in women [2]. Age-standardized mortality rates (world) in 2015
were 36.35 in men and 8.70 in women [3].

Lung cancer survival remains poor worldwide, as shown by CON-
CORD-2 [4], with 5-year survival below 20% everywhere in Eu-
rope, in the range of 15-19% in North America and less than 10%
in some East Europa, Asia and African countries. According to EU-
ROCARE-5 [5], European lung cancer age-standardized 5-years rel-
ative survival for cases diagnosed 2000-2007 was 13.0 (12.9-13.1)
and small geographical differences were observed, varying from
9.0% (8.8-9.1) in the UK and Ireland to 14.8% (14.6-14.9) in central
Europe. In Spain, 5-years relative survival was 10.7 (10.2-11.2), al-
most five points higher in women [14.7 (13.1-16.6)] compared to men
[10.1 (9.5-10.6)]. Differences among Spanish regions were explored
from EUROCARE-4 data, and it was observed that Navarra had twice
the rate of Granada [12.4 (10.3-144.6) with respect to 6.1 (4.8-7.6)]

[6].

In Europe, there are only a few reports about lung cancer that in-
clude survival rates by stage [7-9], none following the UICC TNM
Classification 7" edition, that classifies lung cancer in 7 categories
and includes small cell lung cancers [10]. The percentage of cases
with unknown stage in these studies was not negligible: 23% in Ire-
land [7] or 12% in Northern Italy [8], potentially weakening the va-
lidity of the results. In these situations, multiple imputation is an alter-
native and valid method to deal with missing values [11], as shown in
some studies [9]. In Spain, population-based cancer registries do not
normally collect information about stage as a standard procedure but
the Mallorca Cancer Registry has done so since 2006 [10]. In addition
to stage; the sex, age and histology, as well as molecular status [12],
smoking status, treatment and deprivation [7,13], are all significant
factors that determine survival [7,8,14].

The aims of the present study were: 1) to determine lung cancer
survival by stage; 2) to identify factors that explain and predict the
likelihood of survival, and the risk of dying from this cancer and, in-
cidentally: 3) to find out the distribution of lung cancer cases by stage
according UICC TNM Classification 7" edition.
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Methods

Retrospective follow-up study of patients living in Mallorca diag-
nosed with lung cancer between 2006 and 2011, identified through the
Mallorca Cancer Registry.

Study Population

Cases with invasive C33 and C34 topography codes of any his-
tology except lymphomas (from 9590 to 9720 both included) were
included. Cases ascertained only by Death Certificate (DCO) were
excluded.

As well as the topography and histology according to ICD-O 3™
editionl [15], data on: sex, age, site and sub-site, date of diagnosis,
diagnostic method (clinical or pathological), pathological or clinical
Tumour size (T), pathological or clinical regional lymph Nodes (N),
Metastasis (M), stage, date of last follow-up or date of death, and
cause of death (lung cancer or other causes) were also collected.

Age was recorded as: 15-44 years old, 45-54, 55-64, 65-74, and
75 and over. Site and sub-site were recorded as: main bronchus, upper
lobe, bronchus or lung, middle lobe, bronchus or lung, lower lobe,
bronchus or lung and overlapping sites of bronchus and lung. Histol-
ogy was recorded by modifying Parkin groups [16]: adenocarcinoma
(8140, 8211, 8323, from 8230 to 8231, from 8250 to 8260, from 8480
to 8490, from 8550 to 8560, from 8570 to 8574), squamous carcino-
ma (from 8050 to 8076), small cell carcinoma (from 8041 to 8045),
and others/unspecified (8082, 8190, 8290, 8310, 8046, 8320, 8430,
8500, 8510, 8562, 8580, 8693, 8720, 8730, from 8141 to 8143, from
8200 to 8201, from 8240 to 8241, from 8244 to 8246, from 8470 to
8471, from 8012 to 8031, from 8010 to 8011, from 8032 to 8034,
from 8000 to 8004 and from 8800 and above).

Stage was calculated according to the UICC TNM Classification
7" edition: 1A, IB, IIA, IIB, IIIA, IIIB and IV [15]. Pathological T
(pT) or N (pN) was prioritised over clinical, except when neo-ad-
juvant therapies had been applied. An integrated approach [17] was
used by combining pathological and clinical components to obtain the
stage. An in-depth review of clinical case records with missing values
for T, N or M, as well as cases without follow-up was performed.

Time was calculated from date of diagnosis to date of death or
date of last follow-up. Vital status refers to the state (alive (0) or dead
from lung cancer (1) or from other causes (2)) at the time of the last
follow-up. Deaths from other causes were censored, as well as cases
that emigrated from Mallorca, or lost cases. The starting point of fol-
low-up was the date of diagnosis, and the end point was 31% Decem-
ber 2013.

Statistical Analysis

Multiple Imputation (MI) method was used to obtain stage when
it was unknown. The imputation model was run, where each missing
value was replaced with a set of 10 imputations by chained equation
(MICE) procedure and combined the Cox model results of each im-
puted and completed data set under Rubin’s rules [18]. Thus, a single
multiple imputation Cox regression model generated by the combina-
tion of results of 10 imputed data sets was obtained. A more detailed
description about the MICE application can be found in Ramos et al.
(2016) [19].

Survival analysis was developed by actuarial and Kaplan-Meier
methods to estimate likelihood of survival and risk of death, the Log-

Rank test to assess the statistical differences of the observed survival
curves by each categorical variable, and the Cox regression models to
identify prognostic factors of the risk of death. In this case, age was
considered as a continuous variable because our interest was to know
the effect of each unit increase on the risk of dying from lung cancer.
The proportional hazard assumption for each covariate was tested by
introducing time-dependent variables. Since some of the covariates,
age and histology, did not meet this assumption, the standard Cox
model could not be used, as the effect of these variables on the risk
of death was time-dependent, and they could not be introduced in the
model. Therefore, we applied the extended Cox regression which, in
addition to analysing the effect of covariates on the risk of dying,
also allows modelling the time dependent effect of age and histology
covariates. To do this, we introduce time-dependent variables in the
model. To compare the effect of the imputation procedure on the haz-
ard ratio estimation of covariates, the extended Cox regression was
performed before and after MI. Finally, MI was carried out with STA-
TA 13, and survival analysis with SPSS 20.

Results

A total of 2,659 lung cancer cases were diagnosed from 1% January
2006 to 31 December 2011. Finally, we worked with 2,576 cases be-
cause 59 DCOs, 9 lymphomas, and 15 cases where there were missing
follow-up data or data concerning death were excluded. Most of the
patients were men (81.2%), aged over 56 years (83.1%) and diag-
nosed through pathological bases (90.1%). 2,209 people died from
lung cancer. T was unknown in 48.4% of cases, N in 60.2% of cases,
and M in 17.7% of cases, although stage was unknown in only 12.8%
of cases. After MI, stage distribution was 5.0% for stage IA, 5.1%
for stage IB, 2.9% for stage IIA, 3.1% for stage 1IB, 10.4% for stage
IITA, 10.9% for stage I1IB and 62.6% for stage IV. A full description
of cases is presented in table 1.

Median time of survival was 209 days, and in absolute terms only
316 patients survived until the end of the study. 1 year after diagnosis,
survival was 36%, 3 years after diagnosis it was 15%, and 5 years
after diagnosis, survival was 11%. Survival rates at 5 years after di-
agnosis were 47% for stage I, 35% for stage II, 11% for stage III, and
1% for stage IV. As it is shown in table 2, survival rates by stage per
year changed before and after MI, being slightly overestimated in the
early stages and underestimated in the advanced stages in the original
data set.

Survival curves showed differences in lung cancer survival by age
(P < 0.001), sex (P < 0.001), histology (P < 0.001) and method of
diagnosis (P<0.001) (Figure 1). Comparing each variable by pair of
categories, no differences in survival were found between ages 15-44,
45-54, 55-64 (P > 0.5). There were also no differences between stage
IA, stage IB and stage IIA (P > 0.5) or finally between stage IIB and
IIIA (P = 0.086) (Figure 2).

Age, sex, histology, stage and the time-dependent variables of age
and histology were included in the extended Cox regression model
before and after MI (Table 3). Both models (original vs. MI mod-
el) were similar and determined that women, younger cases, patients
with adenocarcinoma and patients diagnosed in A, IB and IIA stages
have a better prognosis.

Discussion

Lung cancer 5-years survival in Mallorca was similar to average
survival in Spain and Europe [5]. Stage was the main factor associated
with survival. No differences in survival were found between stages
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1A, IB and IIA, or between IIB and IIIA. In early stages (IA, IB and
ITA), susceptible to surgery, lung cancer survival was close to 50%,
but it worsened significantly in more advanced stages, so to speak

% After
. . o
Variable Categories Number %o valid* MI
‘Women 484 18.8 18.8
Sex
Men 2,092 81.2 81.2
15-44 79 3.1 3.1
45-54 356 13.8 13.8
Age 55-64 704 273 273
65-74 740 287 | 287
75 or + 697 27.1 27.1
Pathologic 2,322 90.1 90.1
Method
Clinic 254 9.9 9.9
Main bronchus 216 8.4 8.4
Upper lobe, bronchus or lung 973 37.8 37.8
Middle lobe, bronchus or lung 78 3.0 3.0
Site
Lower lobe, bronchus or lung 415 16.1 16.1
Overlapping sites 103 4.0 4.0
Unspecified 791 30.7 30.7
Adenocarcinoma 927 36.0 36.0
Small cell carcinoma 366 14.2 14.2
Histology Squamouscell carcinoma 602 234 | 234
Other hlsto?ogy and 631 264 26.4
unspecified
1 184 7.1 13.9
2 402 15.6 | 30.3
T 3 256 9.9 19.3
4 486 189 | 36.6
Missing 1,248 48.4
0 406 158 | 39.6
1 164 6.4 16.0
N
2 454 17.6 | 443
Missing 1,552 60.2
0 804 31.2 37.9
M 1 1,317 51.1 62.1
Missing 455 17.7
1A 113 44 5.0 5.0
1B 116 45 5.2 5.1
1A 65 25 2.9 2.9
1B 68 2.6 3.0 3.1
Stage
1A 236 9.2 10.5 10.4
111B 249 9.7 11.1 10.9
v 1,399 543 62.3 62.6
Missing 330 12.8
. Alive 315 12.2 12.2
Vital status
at the end of Death for lung cancer 2,209 85.8 85.8
follow-up
Death for other causes 52 2.0 2.0
Table 1: Sociodemographic and clinical description of lung cases diag-
nosed in Mallorca between 2006-2011 (N=2,576).
*After excluding missing values

about lung cancer survival, without considering stage, makes little
sense. In addition to stage; age, sex and histology were also relevant
factors associated to lung cancer survival.

1.1- Survival by sex 1.2- Survival by age

Cum Survival
Cum Survival
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1.4- Survival by histology
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Figure 1: Survival of lung cancer cases diagnosed in Mallorca between
2006-2011 by sex, age, method and histology.
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Figure 2: Survival by stage of lung cancer cases diagnosed in Mallorca
between 2006-2011 without (2.1) and with Multiple imputation (2.2).

Only 13% of the cases were diagnosed in the early stages, so clear-
ly an effort should be made to make progress in secondary prevention.
The US National Lung Screening Trial showed a 20% reduction in
cancer related mortality and a 6.7% reduction in all-cause mortality in
smokers or former smokers aged 50-75 years who had low radiation
dose CT compared to chest X-ray. Since then, it has been argued that
more trials are needed to confirm the findings, so seven large-scale
European trials are currently in progress [20]. Until effectiveness of
secondary prevention is proved, primary prevention for lung cancer is
the best option through reinforcing tobacco control.
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Original Data Set N = 2,246

Year Stage 1A Stage IB Stage ITA Stage IIB Stage IT11A Stage 111B Stage IV Total
1 0.83 0.76 0.75 0.60 0.57 0.44 0.20 0.36
2 0.75 0.64 0.62 0.41 0.31 0.18 0.07 0.20
3 0.68 0.57 0.54 0.34 0.23 0.10 0.03 0.15
4 0.56 0.54 0.49 0.30 0.20 0.07 0.01 0.12
5 0.51 0.44 0.49 0.24 0.17 0.06 0.01 0.11
6 0.48 0.44 0.49 0.14 0.15 0.05 0.01 0.09
7 0.42 0.44 0.41 0.07 0.15 0.05 0.01 0.08
8 0.42 0.44 0.41 - 0.05 - 0.01 0.07

MI Data Set N = 2,576

1 0.78 0.74 0.72 0.58 0.55 0.43 0.23 0.36
2 0.69 0.60 0.59 0.39 0.30 0.19 0.09 0.20
3 0.62 0.53 0.51 0.33 0.22 0.11 0.05 0.15
4 0.51 0.50 0.46 0.28 0.19 0.08 0.03 0.12
5 0.46 0.40 0.45 0.22 0.16 0.07 0.03 0.11
6 0.43 0.40 0.45 0.13 0.14 0.05 0.02 0.09
7 0.38 0.40 0.38 0.07 0.14 0.05 0.02 0.08
8 0.38 0.40 0.38 0.07 0.05 0.05 0.02 0.07

Table 2: Survival functions of lung cancer cases diagnosed in Mallorca between 2006-2011 by actuarial method by follow-up year before and after multiple
imputations in percentages.

Model 1 Model 2
Original Data Set (Imputed Data Set)
n =2,246 n=2,576
Hazard Ratio ‘ Std. Err. ‘ P ‘ 95% CI Hazard Ratio ‘ Std. Err. ‘ P ‘ 95% CI
Main Covariates
Age (linear) ‘ 1.01 ‘ 0.00 ‘ 0.000 ‘ 1.01; 1.02 ‘ 1.01 ‘ 0.00 ‘ 0.000 ‘ 1.01; 1.02
Sex (Ref. Women)
Men ‘ 1.26 ‘ 0.08 ‘ 0.000 ‘ 1.12;1.42 ‘ 1.27 ‘ 0.08 ‘ 0.000 ‘ 1.13; 1.42
Histology (Ref. Adenocarcinoma)
Small cell carcinoma 1.29 0.14 0.020 1.04; 1.59 1.27 0.13 0.019 1.04; 1.56
Squamous carcinoma 1.25 0.10 0.007 1.06; 1.47 1.26 0.10 0.004 1.08; 1.47
Other and unspecified 1.15 0.31 0.124 0.96; 1.38 1.11 0.10 0.216 0.94; 1.32
Stage (Ref. Stage I1A)
Stage IB 1.22 0.24 0.332 0.82; 1.80 1.21 0.28 0.412 0.77; 1.90
Stage ITA 1.31 0.31 0.243 0.83;2.07 1.31 0.27 0.425 0.77;1.87
Stage IIB 2.28 0.46 0.000 1.53;3.40 2.26 0.48 0.000 1.49;3.42
Stage IIIA 3.09 0.51 0.000 2.23;4.27 3.05 0.57 0.000 2.11;4.42
Stage I1IB 4.46 0.73 0.000 3.24;6.15 4.51 0.79 0.000 3.20; 6.37
Stage IV 8.65 1.32 0.000 6.41; 11.67 8.74 1.50 0.000 6.21; 12.31
Time Dependent Covariates
Age 0.996 ‘ 0.00 ‘ 0.002 ‘ 0.993; 0.998 0.996 0.00 0.003 0.994; 0.999
Histology (Ref. Adenocarcinoma)
Small cell carcinoma 0.95 0.05 0.338 0.86; 1.05 0.98 0.05 0.598 0.89; 1.07
Squamous carcinoma 1.04 0.05 0.438 0.95;1.13 1.05 0.04 0.293 0.96; 1.14
Other and unspecified 0.86 0.04 0.000 0.79; 0.93 0.86 0.03 0.000 0.79; 0.92

Table 3: Cox regression model of lung cancer cases before and after multiple imputation (M=10).
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