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Introduction

Lung cancer is the leading cause of cancer-related death 
worldwide, with 1.5 million deaths estimated in 2012 (1). 
These numbers are higher than the sum of deaths due to 
breast, prostate, and colon cancer and account for 18% 
of all deaths from cancers (2). Although the incidence 
and mortality from lung cancer have declined recently in 
the developed world, mostly due to reduced numbers of 

active smokers, countries such as Brazil are still observing 
a continuous increase in the incidence and lethality of lung 
cancer (3).

In cancer care, early detection and timely delivery of 
proper treatment are recognized as important strategies 
to improve outcomes (4,5). With that purpose, different 
guidelines have tried to establish a limit to the timespan 
between diagnosis and treatment to guarantee quality in 
lung cancer care. The British Thoracic Society recommends 
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that the time interval between diagnosis and treatment be 
no longer than eight weeks for surgery, seven weeks for 
radiotherapy, and four weeks for chemotherapy (6). The 
American College of Chest Physicians recommends that 
chemotherapy be started up to seven days after diagnosis, 
radiotherapy up to 4 weeks, and surgery up to 4 weeks after 
a surgeon’s evaluation (7).

However, the current literature has failed to prove 
reduction in lung cancer mortality from timely treatment 
of cancer. In a recent study performed in the Surveillance, 
Epidemiology and End Results (SEER) database, including 
almost 40,000 lung cancer patients older than 65, authors 
reported a statistically significant protective effect of 
treatment delay, even after adjustment for stage and other 
potential confounders (8). This result is supported by other 
European studies (9-12). We performed a study to test the 
hypothesis that treatment before this legally-established 
time frame has an impact on the survival of patients with 
non-small-cell lung cancer (NSCLC).

Methods

We performed a survival analysis in a cohort of patients 
admitted to a public reference cancer center in the state of 
São Paulo, Brazil, between July 2008 and December 2014, 
with a diagnosis of lung cancer. This study was previously 
approved by the local Research Ethics Committee, 
registered under protocol 49258615.4. Potential subjects 
for inclusion were identified using the institution’s 
prospectively kept Cancer Registry. Patients were 
considered eligible if they were 18 years or older and had 
not undergone any previous oncological treatment prior to 
admission. Histopathological reports were used to confirm 
lung cancer diagnosis and histological type. Patients with 
small-cell carcinoma, carcinoid tumors, undetermined 
histological type, or unresectable tumors diagnosed only 
after thoracotomy were excluded.

Additional clinical information was collected from the 
patients’ medical records. These included age, gender, 
smoking status, tumor staging, type of treatment received 
(surgical versus clinical/palliative), and time from cancer 
diagnosis to treatment, recorded in months.

Our primary outcome of interest was death from any 
cause. Unfortunately, we did not have data about deaths 
that occurred specifically from lung cancer. Events and 
their dates were also determined based on our institution’s 
Cancer Registry or by telephone contact with the patient 
or family. Patients who were alive at the time of their last 

available record were considered censored. Survival time 
was measured from the treatment start (day of surgery; first 
day of radiation, chemotherapy, or palliative care).

Statistical analysis

Descriptive analysis of the data is presented as median and 
interquartile range (IQR) for continuous variables and by 
absolute and relative frequencies for categorical variables. 
A survival analysis was performed to determine the effect 
of the measured variables on lung cancer survival after 
treatment. Univariable Cox proportional hazard models 
were used to investigate the association between potential 
confounders identified during the study design. If a 
P<0.1 was found in the univariable analysis, the candidate 
predictor was included in a multivariable Cox model by 
either adjustment or stratification. After the final adjusted 
model was determined, tests for interaction between all 
predictors were performed. If the interaction term had 
a P<0.05, a positive interaction for mortality between 
the predictors was considered significant. The hazard 
proportionality assumption of the final model was tested 
with Schoenfeld test. The Stata 14.2 (StataCorp, TX, USA) 
statistical package was used for the analysis (13), and a two-
tailed P<0.05 indicated statistical significance.

Results

We identified 469 patients treated for lung cancer in the 
study inclusion period. Of these, 110 were excluded from 
the analysis (96 patients had small-cell carcinomas; 9 had 
carcinoid tumors; 5 patients had unresectable tumors 
diagnosed only after thoracotomy). Inclusion criteria 
were met by 359 patients, including 17 (4.7%) patients 
who received optimal supportive care. Patients received 
treatment according to disease stage, comorbidities, and/
or performance status. Patients with stages I, II and IIIA 
NSCLC were treated with surgery (20.6%). Lobectomy 
was the most common procedure (n=54), followed by 
sublobar resection (n=12) and pneumonectomy (n=8). As 
mentioned above, IIIA stage (n=18) cases were treated 
with multimodality treatment, including surgery. In IIIB 
stage cases (n=55), the chemoradiation approach was used 
concomitantly or sequentially. The stage IV patients (n=230) 
were treated with platinum-based chemotherapy. Of the 
359 patients included in the study, 278 (77.4%) died during 
follow-up, including one postoperative death and four 
deaths related to chemotherapy or radiotherapy, whereas 
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81 (22.6%) were alive and censored at their last recorded 
observation. Overall median survival time was 7 months 
[95% confidence interval (CI): 6–9] (Figure 1).

Table 1 summarizes the distribution of the study variables 
and the hazard ratios (HR) for the survival analysis from 
univariable Cox models for the predictor candidates. Age, 
gender, and smoking status were not statistically significant 
predictors of mortality and were not considered for the 
multivariable analysis. In both the crude and adjusted 
analysis, delayed treatment was protective factor for the risk 
of death, with a crude HR =0.75 (0.59–0.97; P=0.02) and an 
adjusted HR =0.59 (0.46–0.77; P<0.001) (Table 2). Surgical 
treatment was associated with a 49% reduction in the risk 
of death after lung cancer treatment [HR =0.51 (0.34–0.75); 
P=0.001], after adjustment.

A statistically significant interaction with mortality 
was observed between timely treatment and tumor stage 
(P=0.01). Table 3 and Figure 2 show the HR for mortality 
after delaying treatment according to the different stages, 
adjusted for the treatment received. For stages I and III, 
mortality was not significantly different between those 
who received treatment before or 2 months after diagnosis 
[stage I: HR =1.24 (0.39–3.98; P=0.71); stage III: HR 
=0.65 (0.38–1.1; P=0.11)]. However, patients with stage II 
disease who received delayed treatment showed a 3-fold 
higher mortality than those who received timely treatment 
[HR =3.08 (1.05–9.0; P=0.04)]. On the other hand, stage 
IV patients who received delayed treatment had a 52% 
reduction in mortality [HR =0.48 (0.35–0.66; P<0.001)].

Discussion

In this single-center cohort study including 359 patients, 
we detected a statistically significant interaction between 
treatment delay longer than 2 months after diagnosis 

and stage of disease regarding mortality from NSCLC. 
However, stage II patients benefited from timely treatment, 
whereas delay in treatment delivery was a protective factor 
for patients with stage IV disease. Moreover, surgical 
treatment was associated with reduction in the risk of death 
after lung cancer treatment.

Challenging common understandings on cancer 
care quality, Nadpara et al. were unable to determine an 
association between timely care and a better prognosis in a 
cohort of 37,792 elderly subjects from the SEER database (8).  
These authors reported a 32% decrease in NSCLC 
mortality risk among patients receiving delayed care, 
which was statistically significant even after adjustment for 
multiple confounders. In their stratified analysis by cancer 
stage, they observed better survival outcomes with timely 
care in patients with early-stage disease (Stage I/II), but the 
results were not significant. A published Canadian study 
analyzed 495 NSCLC patients. In a multivariable analysis, 
for every week of prolonged delay, the HR of survival 
improvement is 0.97 (95% CI: 0.96–0.99). For each month 
of prolonged delay, survival improved with an HR of 0.89 
(95% CI: 0.82–0.97). For stage IV, the only significant 
factor associated with survival was treatment delay, as every 
month of treatment delay was associated with an improved 
survival with an HR of 0.74 (0.59–0.93), P=0.009 (14). 
We found a similar crude protective effect of treatment 
delay, but when our analysis was stratified, we observed a 
significant survival improvement in stage II patients who 
received timely care. The protective effect of delayed 
treatment for stage IV patients was maintained. 

On the other hand, but also surprisingly, some studies did 
not show any differences between timely care and survival. 
Nadpara et al. published another study involving NSCLC 
patients. The survival was not statistically different in 
patients receiving timely care compared to those receiving 

Figure 1 Flowchart describing the steps involved in creating study cohorts using the inclusion and exclusion criteria.

Eligible subjects
469

Included subjects
359

Censored
81 (22.6%)

Dead
278 (77.4%)

Excluded subjects:

Small cell lung cancer patients [96]

Carcinoid tumors [9]

Unresectable tumors identified only 
after thoracotomy [5]



2816

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2018;10(5):2813-2819jtd.amegroups.com

Abrao et al. Interaction between treatment delay and stage

delayed care (299 vs. 467 days). Stratified analysis by lung 
cancer type and stage showed similar results (15). Similarly, 
in Norway, a study with a national registry covering all 
the new cancer cases diagnosed between 1990 and 1996 
included 271 patients. Factors related to survival were 
weight loss at the time of diagnosis, age, stage, performance 
status and a curative-intent surgical intervention. The 
authors did not find a significant association between 
treatment delay and survival (16).

As for stage II NSCLC patients, to the best of our 

knowledge, this is the first report that showed a protective 
association between timely care and survival. Quarterman  
et al. analyzed the association between survival and treatment 
delay between the detection and resection of early-stage 
lung cancers (stage I and II). The authors demonstrated 
no significant effect of preoperative delay on postoperative 
survival. The estimated HR for a 90-day increment in delay 
was 1.06 (95% CI: 0.87–1.30) (17). Diaconescu et al. also 
evaluated the association between survival and timely care 
for early stage NSCLC patients. However, given the fact that 

Table 1 Sample characteristics and univariable Cox proportional hazard models

Characteristics Total Alive (censored) Dead (event) Crude 95% CI P

N (%) 359 (100%) 81 (22.6%) 278 (77.4%)

Follow-up/survival, median [IQR] (months) – 19 [10–32] 5 [2–10]

Age, median [IQR] (years) – 65 [56–70] 62 [55–70] 1 0.99–1.01 0.78*

Gender 0.20#

Male 222 (61.8%) 46 (20.7%) 176 (79.3%) 1 (reference)

Female 137 (38.2%) 35 (25.6%) 102 (74.4%) 0.86 0.67–1.1

Smoking status 0.85#

Nonsmoker 81 (22.6%) 18 (22.2%) 63 (77.8%) 1 (reference)

Smoker 278 (77.4%) 63 (22.7%) 215 (77.3%) 0.97 0.74–1.3

Time from diagnosis to treatment (months) 0.02#

<2 227 (63.2%) 45 (19.8%) 182 (80.2%) 1 (reference)

>2 132 (36.8%) 36 (27.3%) 96 (72.7%) 0.75 0.59–0.97

Treatment <0.0001#

Nonsurgical 285 (79.4%) 49 (17.2%) 236 (82.8%)

Surgical 74 (20.6%) 32 (43.2%) 42 (56.8%) 0.42 0.27–0.58

Stage <0.0001#

I 30 (8.4%) 16 (53.3%) 14 (46.7%) 1 (reference)

II 26 (7.2%) 12 (46.2%) 14 (53.8%) 1.6 0.76–3.4 0.22*

III 73 (20.3%) 14 (19.2%) 59 (80.8%) 2.5 1.4–4.5 0.002*

IV 230 (64.1%) 39 (17%) 191 (83%) 3.3 1.9–5.8 <0.001*

Type 0.0001#

Adenocarcinoma 172 (47.9%) 52 (30.2%) 120 (69.8%) 1 (reference)

Large-cell carcinoma 20 (5.6%) 4 (20.0%) 16 (80.0%) 1.2 0.72–2.0 0.48*

Squamous-cell carcinoma 136 (37.9%) 23 (16.9%) 113 (83.1%) 1.3 1.0–1.68 0.05*

Non-small-cell carcinoma (without defined subtype) 29 (8.1%) 2 (6.9%) 27 (93.1%) 2.5 1.6–3.8 <0.001*

Others 2 (0.6%) 0 (0%) 2 (100%) 4.0 0.99–16.5 0.05*

CI, confidence interval; IQR, interquartile range. *, Wald’s Z-test; #, log rank test.
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there were relatively few events (deaths) in stage I, II and III 
patients, they were combined for the proportional hazards 
analysis. For this group with 195 patients, treatment delay was 
not associated with survival at the multivariable analysis (14).  
Another report published by Shin et al. involved 398 
NSCLC patients treated through curative surgery as their 
first therapeutic modality. Surgical delay beyond 12 weeks, 
when compared to surgery performed within 1 to 4 weeks 
after diagnosis was not associated with increased mortality, 
with adjusted HR =0.79 (0.42–1.48) (18).

A few differences in our protocols and study databases 
can account for the discordant findings. Timely delivery 
of care had different definitions in different studies. In the 
SEER study, treatment delay was defined as an interval 

between diagnosis and treatment lasting more than  
8 weeks for surgery, 7 weeks for radiotherapy, and 6 weeks 
for chemotherapy. In our study, we established a cutoff 
of 2 months, regardless of the type of treatment offered. 
Although in our study only 63.2% of patients received 
treatment up to 2 months after the diagnosis, 77.5% of 
patients received timely care according to their shorter-
time definitions. In a Finnish study, among all patients 
with lung cancer, only 49% of patients received timely care 
according to their definitions (19). These differences in 
timeliness should be acknowledged when comparing results 
across different studies. Furthermore, the SEER database 
included only elderly patients (>65 years.), whereas our 
study cohort consisted of patients aged 18 years or older. 
The protective effect resulting from timely delivery of these 
highly morbid treatment alternatives might decrease in an 
older population.

The protective effect resulting from treatment delay 
in stage IV cancer can only be explained by a tendency of 
health care professionals to provide faster care to patients 
with worse prognosis, if the choice is left to uninformed, 
subjective decision-making processes. Some studies have 
reported these results (8,11). Furthermore, Diaconescu et al. 
compared treatment delays for the three groups of patients: 
localized, regional, and advanced. The advanced group had 
the shortest treatment delay of 50 days when compared 
with the localized and regional groups, who had a median 
treatment delay of around 3 months (P=0.001) (14). This 
risk of bias is very important because almost two thirds 
of the patients in our cohort were diagnosed at this more 
advanced stage. On the other hand, as mentioned above, 
these authors reported the association between survival and 
timely care with a more homogeneous sample regarding 
stage and found similar results. The study reported on 195 
patients with local-regional (39.8% at stage I–II and 21.2% 
at stage III) and 124 (39%) at stage IV. For patients with 

Table 2 Multivariable Cox model, adjusted by type of lung cancer; 
hazard of death after beginning of treatment

Variables HR 95% CI P

Treatment

Nonsurgical 1 (reference) –

Surgical 0.51 0.34–0.75 0.001

Time from diagnosis 
to treatment (months)

<2 1 (reference) –

>2 0.59 0.46–0.77 <0.001

Stage 0.003

I 1 (reference) –

II 1.7 0.76–3.7 0.20

III 2.2 1.1–4.2 0.023

IV 2.7 1.4–5.2 0.003

CI, confidence interval; HR, hazard ratio.

Table 3 Interaction between treatment delay and stage in the Table 2 model; hazard ratio for mortality according to timely treatment, across 
different stages of lung cancer

Delay
HR (95% CI); P

Stage I Stage II Stage III Stage IV

<2 months 1 (reference) 1.14 (0.38–3.47); P=0.82 2.73 (1.16–6.40); P=0.02 3.77 (1.65–8.63); P=0.002

>2 months 1.24 (0.39–3.98); P=0.71 3.52 (1.24–9.95); P=0.02 1.76 (0.72–4.30); P=0.21 1.80 (0.76–4.26); P=0.18

Within stage effect of delay in 
treatment

1.24 (0.39–3.98); P=0.71 3.08 (1.05–9.0); P=0.04 0.65 (0.38–1.1); P=0.11 0.48 (0.35–0.66); P <0.001

CI, confidence interval; HR, hazard ratio.
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Figure 2 Kaplan-Meier curves of overall survival in patients with NSCLC according to treatment delay and stratified by stage. (A) Overall 
survival in all patients with stage I NSCLC; (B) overall survival in all patients with stage II NSCLC; (C) overall survival in all patients with 
stage III NSCLC; (D) overall survival in all patients with stage IV NSCLC. HR and 95% CI are for timely treatment delivery (<2 months) 
versus delayed treatment (>2 months). P values comparing risk groups were calculated using the log-rank test. NSCLC, non-small cell lung 
cancer. 

loco-regional disease, the only significant factor associated 
with survival was age. However, for stage IV patients, 
treatment delay was associated with better survival, with HR 
for survival being 0.93 (0.88–0.98) (14). As for stage I and 
III, we were unable to determine significant improvement 
in survival after timely delivery of treatment. Our study is 
probably underpowered to detect smaller survival benefits 
for these subjects. Alternatively, we could hypothesize that 
the proposed time frame of 2 months does not have the 
same significance for a stage II patient, who will progress to 
advanced disease faster.

Conclusions

Our findings suggest, for the first time, that providing 
timely care can have a positive impact on the survival of 
patients with localized disease (stage II). Additionally, our 
report suggests that the time interval between diagnosis and 
treatment determined by the British Thoracic Society as a 
goal in lung cancer care is significant as an indicator of lung 
cancer care quality, especially for patients with localized 
disease. If confirmed in a larger series, our findings can 
provide important information that can be used to plan 
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the delivery of lung cancer care, especially in high-volume 
hospitals for lung cancer patients.
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