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Background: It is known that survival from lung cancer can differ between countries and even between
different regions of the same country. The variability between hospitals, the age and social profile, and the
time when this patient was treated, can influence survival, and these factors are intrinsic to each region.
Knowing the profile of patients, hospitals, and other factors associated with the treatment of stage I and II
lung cancer in a given region is important to understand outcomes and propose improvements that can be
replicated in any region of the world that presents the same profile of patients and care structure. This study
evaluates survival and possible predictors in all patients with stage I and II lung cancer adenocarcinoma
through the Hospital’s Cancer Registry (HCR), responsible for the State of Sao Paulo’s cancer registry, a
geographical area with 40 million inhabitants.

Methods: Based on the HCR, an observational study was conducted, including 1,278 patients diagnosed
with lung adenocarcinoma at clinical stages (CS) I and II. Sex, age at diagnosis, education, neighbourhood,
CS at diagnosis, the time between diagnosis and treatment, 5-year periods in which patients were treated,
treatment modality and hospitals where patients were treated were analysed. Cox univariate and multiple
regression analyses were used to estimate the hazard ratio (HR).

Results: A total of 1,278 lung cancer patients with clinical lung cancer adenocarcinoma stages I and II were
included. About 40.06% of patients did not receive surgery, and only 55.8% started the treatment within
2 months. The majority of the patients were treated in high complexity hospitals, 69%. Five-year overall
survival (OS) was 45.6% in CS I and 27.5% in CS II. Patients treated in high complexity centres have lower
mortality rates than those treated in Partial Hospital Complexity Centers in Oncology (PHCCO) (adjHR
1.18; 95% CI: 1.00-1.40; P=0.047). Patients diagnosed between 2010-2014 had a protective factor against
the risk of death concerning patients diagnosed between 2000-2004.

Conclusions: The 5-year OS has significantly improved as long as the 5-year group analysed. Also, the
5-year OS of the patients treated in high complexity hospitals is higher than those treated in PHCCO.
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Introduction

The incidence of lung cancer in both genders has risen over
the last three decades and currently is the top-ranking cause
of cancer-related deaths globally, accounting for 17% and
9% of all cancers in men and women, respectively (1-5).
The latest GLOBOCAN [2020] study (6) reported that
lung cancer is the most frequently diagnosed cancer with
11.7% of the total incident cancer cases in both genders,
with an age-standardised incidence rate of 22.5 (31.5 in
males and 14.6 in females) per 100,000 people. Lung cancer
was also placed first and accounted alone for 1.8 million
cancer-related deaths in 2020 (18.0% of the total), with an
age-standardised mortality rate of 18.6 (25.9 in males, 11.2
in females) per 100,000 persons (5-15).

Despite curative-intent surgical resection, the estimated
5-year overall survival (OS) for patients with lung cancer
stage I and Il is 72% and 53 %, respectively (16-18). The
current standard of care for lung cancer patients at stages I
and II is surgery. Despite the early diagnosis efforts, around
75% of patients are diagnosed with advanced disease on
admission (stages III and IV) (19) and have a 1-year survival
rate of only 15-19% compared with 81-85% for stage I (20).

Survival and prognostic factors of lung cancer patients
have not been markedly known in many regions; even
more unknown is the survival and profile of patients treated
explicitly with stage I and II adenocarcinoma of the lung.
It is already known that there are some variations in lung
cancer survival between countries and among regions within
countries (21).

The purpose of this study was to examine the long-term
survival and possible predictors in all patients with stage
I and II lung cancer adenocarcinoma with the Hospital’s
Cancer Registry (HCR) responsible for the registry of
cancer of the State of Sao Paulo, which is a geographical
area with 40 million inhabitants.

We present the following article in accordance with the
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/jtd-21-1071).

Methods
Patients, clinical stages (CS), and cancer registry

A Hospital-based retrospective cohort study included
1,278 adult patients diagnosed with adenocarcinoma of
the lung ICD-O 3rd ed. 8140/3), admitted with CS I and
IT (TNM 6™ and 7™ edition), between January 2000 to
December 2015 and followed up until December 31, 2019.
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All patients’ information was extracted from the
HCR, coordinated by the Information and Epidemiology
Directorate of the Sao Paulo Oncocentro Foundation
(FOSP), responsible for the registry of cancer of the
State of Sao Paulo (SISRHC) in 76 HCRs, and available
on the FOSP website (https://www.fosp.saude.sp.gov.br/
publicacoes/downloadarquivos). We included the patients
with adenocarcinoma lung cancer stages I and II, older
than 18 years, with confirmed histological lung cancer.
It excluded the patients who had undergone previous
treatment to any other neoplasm and patients with small
cell lung cancer.

The variables analysed were sex, age at diagnosis,
education, neighbourhood, CS at diagnosis, the time
between diagnosis and treatment, 5-year periods in
which patients were treated to assess possible survival
improvement over time and treatment modality. This study
was conducted based on the most common groups of the
proposed treatment, including exclusive surgery, exclusive
radiotherapy (Rxt) or adjuvant chemotherapy (QT) after
surgery or adjuvant chemotherapy after radiotherapy. The
patients were clustered into three groups: surgery, surgery
plus other treatment and non-surgery group. The surgery
group included patients undergoing surgery exclusively.
Surgery plus other treatment groups included patients
undergoing surgery followed by another treatment (adjuvant
chemotherapy or radiotherapy in cases of compromised
margins). The non-surgery group included patients treated
without surgery (patients treated with radiotherapy and
radiotherapy followed by adjuvant chemotherapy). Nodal
status was confirmed by Thorax CT, PET-CT or invasive
stage of the mediastinum with mediastinoscopy.

Specialised and partial-specialised hospitals were
included. The Ministry of Health of Brazil defines the
specialised hospitals as High Complexity Centers in
Oncology (HCCO) and partial-specialised hospitals
as Partial Hospital Complexity Centers in Oncology
(PHCCO). HCCO are high-specialised hospitals with
technical conditions, physical facilities, equipment, and
human resources adequate to provide specialised high-
complexity assistance for the definitive diagnosis and
treatment of all types of cancer. HCCO must have
radiotherapy equipment and assistance in their physical
structure. PHCCO is defined as less-advanced hospitals
with technical conditions, physical facilities, equipment, and
human resources adequate to provide specialised assistance
for the definitive diagnosis and treatment of the most
prevalent cancers only and not all tumours. PHCCO must
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Table 1 Number and percentage of patients with lung
adenocarcinoma in staging I and I (N=1,278). FOSP, 2000 to 2015

Characteristics n (%)
Gender
Male 684 (53.5)
Female 594 (46.5)
Age group (years)
<60 437 (34.2)
60-69 443 (34.7)
>70 398 (31.1)
Schooling
llliterate 54 (4.2)
Incomplete elementary school 296 (23.2)
Complete elementary school 289 (22.6)
High school 131 (10.3)
Graduate 98 (7.7)
Unknown 410 (32.1)
Place of residence
Metropolitan region 803 (62.8)
Sao Paulo district 409 (32.0)
Outsiders Sao Paulo State 66 (5.2)
Specialized hospital
HCCO 882 (69.0)
PHCCO 396 (31.0)
Clinical stage
I 853 (66.7)
I 425 (33.3)
Prescribed treatment
Surgery 471 (36.9)
Surgery plus other treatment 295 (23.1)
Non-surgery 512 (40.1)
Time between diagnosing and the start of the treatment
<2 months 713 (55.8)
>2 months 565 (44.2)
Status
Alive with cancer 110 (8.6)
Alive without information 372 (29.1)
Death by cancer 578 (45.2)
Death without information 218 (17.1)

Total

1,278 (100.0)

FOSP, Oncocentro Foundation of Sao Paulo; HCCO, High
Complexity Centers in Oncology; PHCCO, Partial Hospital
Complexity Centers in Oncology.
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not have radiotherapy assistance installed in their physical
structure.

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study was
approved by the institutional ethics committee registered
under protocol 49258615.4, and individual consent for this
retrospective analysis was waived.

Statistical analysis

Descriptive analysis of the data was performed using
absolute and relative frequencies and central tendency and
dispersion measures. For the OS rates, patients diagnosed
until December 31, 2014, were eligible. The difference
between the date of vital status (death or alive) and the
date of diagnosis (first appointment) were considered in
calculating the OS. The date of death was confirmed by
an active search [identification of vital status by the Users’
Registration of the Unified Health System (CADSUS)]
and a passive search (linkage with the SEADE—Sao Paulo
State Data Analysis System—Foundation and updating the
hospitals with SISRHC).

According to predictor variables, the Kaplan-Meier limit
product estimator test was applied to calculate the survival
probability and compare the curves using the log-rank test.
Cox univariate and multiple regression analyses were used
to estimate the hazard ratio (HR) and its respective 95%
confidence intervals (95% CI). For multiple modelling,
variables with P<0.20 and clinical relevance were selected.
The assumption of proportional hazards was based on
Schoenfeld’s residual analysis. The data were analysed
using the Statistical Package for the Social Sciences (SPSS)
version 23 for Windows.

Results

Table 1 provides the primary patient characteristics,
staging, and treatment. The study included 1,278 patients
(53.5% male, 65.8% older than 60) diagnosed with lung
adenocarcinoma in CS I (66.7%) and II. Most patients were
treated in HCCO, 69% [882], while 31% [396] were treated
in PHCCO. Most patients received surgery (surgery alone
or surgery plus other treatment, 59.98%), and 55.8% of the
patients started the treatment within two months (7able I).
"The mean follow-up time for all patients was 45.2 months
[standard deviation (SD) =41.3 months], with a median of
32.8 months, ranging from less than one to 233 months.
The cumulative OS rate in 5 years was 39.3%. Male patients
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Table 2 Analysis of 5-year OS in patients diagnosed with lung adenocarcinoma (N=1,278). FOSP, 2000-2014
Variables Total/deaths 5-year OS (%) months (K-M) P value Deaths HR (95% CI) P value
Gender <0.001 <0.001
Total 1,142/655 39.3 -
Female 522/275 43.9 1
Male 620/380 35.4 1.36 (1.17-1.58)
Age group <0.001
<60 401/208 44.8 1 -
60-69 392/209 43.9 1.03 (0.86-1.24) 0.751
>70 349/238 27.7 1.50 (1.25-1.79) <0.001
Specialized hospitals <0.001
HCCO 783/417 43.2 1 <0.001
PHCCO 359/238 30.5 1.50 (1.29-1.75)
Place of residency 0.012 0.023
Sao Paulo State 59/20 60.7 1
Other 1,083/635 38.3 1.60 (1.07-2.41)
Diagnose period <0.001
2000-2004 258/177 29.3 1 -
2005-2009 352/215 37.1 0.85 (0.7-1.04) 0.106
2010-2014 532/263 46.2 0.65 (0.54-0.79) <0.001
Clinical stage <0.001 <0.001
I 755/384 45.6 1
Il 387/271 27.5 1.60 (1.37-1.86)
Time of diagnosing and treatment 0.576 0.073
<2 months 662/378 40.1 1
>2 months 480/277 38 0.87 (0.75-1.01)
Treatment proposed <0.001
Surgery 412/149 60.8 1 -
Surgery and other 342/196 39.7 1.72 (1.40-2.11) <0.001
Non-surgery 388/310 16.8 3.67 (3.04-4.44) <0.001

OS, overall survival; FOSP, Oncocentro Foundation of Sao Paulo; HR, hazard ratio; Cl, confidence interval; HCCO, High Complexity Centers in

Oncology; PHCCO, Partial Hospital Complexity Centers in Oncology.

had a lower survival rate than females with a risk of death of
HR =136 (95% CI: 1.17-1.58; P<0.001). In the age group,
the patients 70 years or older showed a risk of death from
HR =1.50 (95% CI: 1.25-1.79; P<0.001). Patients treated
at PHCCO hospitals had lower 5-year OS rate than those
treated in HCCO hospitals (30.5%; HR =1.50; 95% CI:
1.29-1.75; P<0.001) (Tible 2).

© Journal of Thoracic Disease. All rights reserved.

The time of diagnosing was grouped into 5 years and
worked as an independent variable. Patients diagnosed
between 2010 and 2014 had a protective factor against the
risk of death concerning patients diagnosed between 2000
and 2004. In general, it was observed that OS was 45.6% in
CSTand 27.5% in CS II (P<0.001), with increased risk of
death (HR 1.60; 95% CI: 1.37-1.86; P<0.001) in patients
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Figure 1 Cumulative 5-year overall survival rate. (A) Age group; (B) level of specialised institutions; (C) treatment proposed. HCCO, High

Complexity Centers in Oncology; PHCCO, Partial Hospital Complexity Centers in Oncology.

with more advanced stage (Table 2).

Patients who underwent surgery plus other therapies or
those who received non-surgical treatment had lower OS
rates than patients who received only surgical treatment.
The risk of death was HR =1.72 (95% CI: 1.40-2.11;
P<0.001) and HR =3.67 (95% CI: 3.04-4.44; P<0.001)
respectively, related to surgery plus other therapies and
non-surgical patients. The complementary analysis showed
a significant difference between the three treatment types
(P<0.001—Kruskal-Wallis test). Median follow-up of
surgical patients was 50.2 months (mean =56.4; SD =42.2),
among those who received surgery plus other therapies,
the median time was 39.2 months (mean =50.5; SD =41)
and median time of 16.9 months (mean =28.5; SD =35.1)
for non-surgical patients. Dunn’s post hoc test was applied.
It was observed differences in the median follow-up time
between the non-surgical and surgical patients and between
the non-surgical and surgical plus other therapies patients
(P<0.001) (Table 2).

Figure 1 shows the cumulative 5-year OS rate between
age group, specialised status hospital, and treatment

© Journal of Thoracic Disease. All rights reserved.

proposed.

In the COX multiple regression analysis, the leading
independent risk factors to death were gender, age,
specialised hospitals, the proposed treatment, the time of
diagnosing, and the CS at the diagnosis.

The female gender and the patients diagnosed between
2010 and 2014 have a lower risk of death. Patients aged
70 years or older were at increased risk of death from ,,;HR
=1.44 (95% CI: 1.19-1.75; P<0.001), and those treated in
non-high complexity centres had a risk of death ,HR =1.18
(95% CI: 1.00-1.40; P=0.047).

Likewise, patients treated with surgery plus other
therapies or those who did not undergo surgery had a risk
of death respectively, ,,;HR =1.48 (95% CI: 1.19-1.85;
P=0.001) and ,,HR =3.21 (95% CI: 2.60-3.97; P<0.001).
Patients at CS II showed a risk of death of ,;HR =1.34 (95%
CI: 1.14-1.57; P<0.001) (Table 3).

Discussion

This study is the first that followed a large cohort of
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Table 3 Risk factors associated with death in patients with lung adenocarcinoma, adjusted by relapse and time between diagnosis and start of the

treatment (N=269). FOSP, 2000 to 2014

Variables Categories HR (95% ClI) P value
Gender Male 1 0.009
Female 0.81 (0.69-0.95)
Age group <60 1 -
60-69 1.04 (0.85-1.26) 0.719
>70 1.44 (1.19-1.75) <0.001
Specialised hospitals HCCO 1 0.047
PHCCO 1.18 (1.00-1.40)
Proposed treatment Surgery 1 -
Surgery plus other 1.48 (1.19-1.85) 0.001
Non surgery 3.21 (2.60-3.97) <0.001
Time of diagnoses 2000-2004 1 -
2005-2009 0.89 (0.73-1.09) 0.27
2010-2014 0.67 (0.55-0.82) <0.001
Clinical stage | 1 <0.001

1.34 (1.14-1.57)

FOSP, Oncocentro Foundation of Sao Paulo; HR, hazard ratio; Cl, confidence interval; HCCO, High Complexity Centers in Oncology; PHCCO,

Partial Hospital Complexity Centers in Oncology.

1,278 patients diagnosed with adenocarcinoma of the lung
in CS I and II focusing on the profile of patients treated in
a region of about 40 million inhabitants. We observed that
patients with lung cancer treated in HCCO have better
median 5-year OS than patients with lung adenocarcinoma
PHCCO. We also observed that the grouped 5-year
time of diagnosing showed a 22% improvement of OS of
patients diagnosed in 2010-2014 group (,;HR 0.67; 95%
CI: 0.55-0.82; P<0.001) related to the 2005-2010 group
(HR 0.89; 95% CI: 0.73-1.09) and 33% in comparison
0f 2000-2004 group (P<0.001).

Specialised and partial-specialised bospitals

This study discloses substantial differences in patients’
outcomes between HCCO and PHCCO in our region.
These differences are influenced by the patient or tumour
characteristics, but the hospital’s status seems to affect its
treatment as well the expertise in cancer treatment and the
availability of resources on site.

Specialised hospitals are often a matter of study, mainly
examining the following guidelines among low-volume
or high-volume institutions (22). High-volume oncologic

© Journal of Thoracic Disease. All rights reserved.

hospitals were more likely to report high compliance in
following the guidelines and be more accredited than low-
volume hospitals (22). Antunez ez al. (23) have found that
patients treated in high-volume hospitals had better 5-year
OS outcomes than those treated in low-volume hospitals
(HR 0.99; 95% CI: 0.99-1.00; P<0.001). Our findings
showed that 31% of patients were treated in PHCCO,
leading to an increased risk of death (,;HR 1.53; 95% CI:
1.3-1.79; P<0.001) related to HCCO. Previous studies have
found similar results, where many patients treated in high-
complexity hospitals have better 5-year OS than non-high
complexity hospitals. Mikami er /. (24) have compared
Japanese institutions on women’s treatment and OS rates
with cervical cancer. They have found that high-complexity
institutions have significantly decreased mortality risk
related to non-high complexity institutions (HR 0.843;
95% CI: 0.784-0.905; P<0.001). Similar findings were seen
in women who received surgery alone (,(HR =0.552; 95%
CI: 0.393-0.775) and received radiotherapy (,;HR =0.845;
95% CI: 0.766-0.931), showing improved survival in high-
complexity institutions in Japan.

Differences in OS may be explained by differences
between the staff’s expertise available in the large specialised
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high complexity and PHCCO as well as their more
advanced and modern facilities in the first. New or improved
treatment regimens usually are not equally implemented
at the same time in all hospitals from the beginning, and
these improvements may be initially available only in these
high complexity hospitals. Otherwise, in large specialised
hospitals, the high volume of patients can explain the
difference in OS, considering the adoption of innovative
treatment and advanced facilities and infrastructures (25).

In our study, HCCO shows better OS. The differences in
treatments and survival rates between hospital types can be
a combination of skills and experience of the medical team,
as well the multidisciplinary team in staging (25). Despite
this, some studies argue that the hospital infrastructures and
methods of delivering health care in a multidisciplinary staff
may be more important than the expertise of the individual
surgeon, suggesting that cancer care outcomes were more
strongly associated with the hospital volume than with the
surgeon volume (22).

Therapies and stage

The oncological treatment is exceptionally patient-
and tumour-dependent, and this heterogeneity directly
influences OS (12,26,27).

Our study shows the most frequent treatments for these
patients regarding the therapies’ combined modalities. The
patient treated with surgery alone (36.9%) has the highest
S-year OS time (60.8 months) in comparison to those
who received surgery plus other therapies (39.7 months)
and non-surgical treatment (16.8 months). Patients who
underwent surgery and other therapies have an almost 50%
increased risk of death than those who only underwent
surgery (HR 1.48; 95% CI: 1.19-1.85; P=0.001). Patients
who do not have surgery conditions have more than three
times an increased risk of death than those who have only
undergone surgery (HR 3.21; 95% CI: 2.60-3.97). It is
important to emphasize that it was not possible to know
whether patients undergoing the best supportive care were
included in the non-surgical group. If this happened, the
HR risk measure is probably overestimated. We observed
that OS was 27.5% in CS II and 45.6% in CS 1. Two
findings may explain these survival results. First, about
44% of our patients have waited more than two months to
start the treatment after the staging. This delay in receiving
the fitted treatment may have influenced the patients’
OS in some ways. The second finding is that 40.06% of
the patients did not receive surgical treatment (Table 1),

© Journal of Thoracic Disease. All rights reserved.
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probably due to the lack of clinical conditions or refusal of
surgical treatment. The fact that follow-up was statistically
lower in the non-surgical group, according to Dunn’s post
hoc test described in the results section, suggests that the
clinical conditions of these patients may also have favoured
early death. However, the shorter follow-up may also be a
consequence of the treatment for lung cancer, not including
surgery.

About prolonged waiting time between the diagnosis
and the start of the treatment may also lead to lower
survival and high mortality rates (28). The time between
the first appointment with the general practitioner and
the specialised care is also critical and crucial to define the
patient’s survival (7,29-31). The clinical-stage at admission
reflects the patient’s understanding of signals and symptoms,
how and where they will find help after the first contact
with outpatient care, the screening process, and the referral
process.

Official guidelines concerning the diagnosis and
treatment of lung cancer recommend a maximum delay of 7-
14 days between the first appointment and the specialist
and 28 days between the diagnosis and the surgery (32,33).
Despite this, in a literature review, Olsson er al. showed
that median times to diagnose and treat lung cancer ranged
from 8 to 60 and 30 to 84 days, respectively, often exceeded
published recommendations (34). These delays are likely
to affect treatment outcomes and, therefore, the disease’s
prognosis (34-37). In a previous study of our group, we have
seen a similar scenario that one of the multivariable specific
risk factors associated with lung cancer CS II survival was
delay treatment (HR 3.08; 95% CI: 1.05-9.0; P=0.04) (38,39).

The time of the diagnose strongly interferes with 5-year
OS. In our study, the 5-year OS increased 16.9% and 7.8%
in the 2010-2014 and 2005-2009 group compared to the
2000-2004 group of treated patients. Patients diagnosed
more recently have a lower risk of death than those
diagnosed in later years. The 5-year group [2014-2010] has
adjusted hazard risk to death compared to the 2000-2004
group, with an adjusted HR 0.67 (95% CI: 0.55-0.82).

This particularity may reflect the substantial recent
advances in the overall treatment of cancer patients as new
diagnostic and staging tools, surgical procedures, as well as
the follow-up and improved access to public health care.
It should be noted that one of the reasons for improved
survival over the 5-year periods was the new versions of the
TNM staging, which better stratified the survival of patients
with lung cancer. As a result, all the treatment decisions or
multiple therapies have changed in the last decade, guided
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by the general guidelines that help to decide the best step
to be made at each stage of the disease. Nevertheless,
the variation in the 5-year OS rates can mean that some
improvements can be made in treating adenocarcinoma
cancer patients in our region.

Our study’s findings are similar to others that found
decreased deaths from NSCLC faster than the decrease
in NSCLC incidence in recent years. Howlader er a/. (40)
have found an annual decrease of 3.2% in deaths from
lung cancer between 2006 to 2013 and 6.3% from 2013
to 2016, higher than the 1.9% and 3.1% decrease in the
lung cancer incidence. To reinforce these findings, the
2-year survival for patients with NSCLC improved from
26% for patients diagnosed in 2001 to 35% for those
diagnosed in 2014. Jones et al. (41) shows that the 1-year
survival of lung cancer patients in England has improved
from 24.5% in 1995-1999 to 36.7% in 2018, resulted
by new improvements in lung cancer care. Walters et al.
in a recent study in Europe have observed that for
some cancers, including lung cancer, the 1-year survival
improved 1% annually between 2005-2009 and 2% during
2010-2012 in comparison to 1995-1999 (42).

Limitation

Our study has several limitations. First, internal differences in
therapeutic modalities between hospitals were not available,
as well as the patients’ characteristics in each type of hospital.
Second, the frequency of PET-CT and invasive mediastinal
staging was not evaluated. Third, we did not have complete
data on whether all operations were complete and performed
according to the IALSC guidelines. Consequently, we did
not analyse the number of dissected mediastinal lymph nodes
or the surgical margins for each patient, impacting survival.
Finally, the study relies on data already collected, and
therefore any systematic errors occurring during the chart
abstraction process cannot be captured.

Conclusions

In conclusion, despite the differences between the
complexity of hospitals, the 5-year OS has significantly
improved as long as the 5-year group analysed. Also,
the 5-year OS of the patients treated in high complexity
hospitals is higher than those treated in PHCCO. These
findings probably reflect an improvement in clinical and
surgical oncology treatment over the 5 years analysed, as
well as the establishment of an adequate line of care in high
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complexity hospitals.
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