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Abstract
Introduction: The impact of diagnosis and treatment delay on outcomes in advanced non-small cell lung
carcinoma (NSCLC) is not well understood. In this study, we examined the effect of the length of time to the
first chemotherapy treatment initiation and the other factors affecting overall survival.

Methods: This retrospective study used data from the Institute of Clinical Evaluative Sciences and identified
4520 patients in Ontario who were diagnosed with stage IV NSCLC between 2007 and 2016, treated using
chemotherapy. We adjusted the analysis for location (rural vs urban), gender, distance from the nearest
cancer center, first chemotherapy treatment used, income, and age. 

Results: Type of the chemotherapy, length of time to the first treatment, and distance from the nearest
cancer center had a statistically significant impact on survival. Paclitaxel was associated with decreased risk
of death compared to vinorelbine (Hazard Ratio (HR)=0.835, 95%CI 0.753-0.925), gemcitabine (HR=0.916,
95%CI 0.998-0.826), and docetaxel (HR=0.771, 95%CI 0.994-0.513). Every additional 10 km distance from the
nearest cancer center was associated with a 0.5% increased risk of death (HR=1.005, 95%CI 1.000-1.010). A
longer time to the first treatment was associated with increased survival. In fact, every 10 days increase in
wait time was associated with a 0.5% decrease in the risk of death (HR=0.995, 95%CI 0.993-0.998). 

Conclusion: Chemotherapy treatment using paclitaxel and living closer to the cancer center is associated
with better survival. A longer time between diagnosis and treatment leading to better survival could perhaps
be explained by patients on the "sicker" end of the spectrum receiving treatment sooner.

Categories: Oncology
Keywords: overall survival rate factors, distance from cancer center, sicker quicker, outcomes, metastatic, treatment
delay, non-small cell lung cancer

Introduction
Lung cancer is the most diagnosed cancer worldwide and the leading cause of cancer death worldwide [1,2].
Indeed, lung cancer results in more deaths than breast, prostate, colorectal, and brain cancers combined [3].
Over 95% of all lung cancers are classified as either small cell lung cancer (SCLC) or non-small cell lung
cancer (NSCLC) [4]. NSCLC accounts for 85% of all lung cancer cases and adenocarcinoma constitutes the
most common type of NSCLC [4].

Staging of lung cancer is important for determining optimal medical management. Non-advanced NSLSC
(stages I, II, III) can be managed curatively using either surgery, chemotherapy, radiation therapy, or a
combination of therapies depending on the spread of the disease. Advanced NSLSC (stage IV) is associated
with a worse prognosis; traditionally, patients with advanced NSCLC are treated with systemic therapy such
as cytotoxic chemotherapy [5]. However, the use of chemotherapy in stage IV NSLSC is not curative, and
only results in a small improvement in patient overall survival and quality of life [5]. Overall, patients
diagnosed with advanced-stage NSLSC typically have a median survival of less than one year despite
treatment and a five-year survival of less than 20% [6].

As such, it is important to investigate factors that affect a patient’s quality of care after diagnosis with late-
stage NSLSC diagnosis so that we may ultimately make improvements in care that increase both the average
quality of life and survival time after diagnosis in advanced lung cancer patients. Overall, these factors are
not well understood.

One factor of interest in quality cancer care is the ‘timeliness of care’. It has been demonstrated that
increased wait times decreased survival in lung cancer patients in Canada [7]. Other factors which may
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impact survival in stage IV NSLSC patients may include the proximity of the patient to the cancer centre, the
type of chemotherapy agent they receive, their income, and whether they live in an urban or rural area. In
this study, the primary aim was to investigate the relationship between these factors of care and the survival
outcomes of patients diagnosed with stage IV NSLSC in Ontario, Canada. 

Materials And Methods
Data sources
This retrospective study used data from the Institute of Clinical Evaluative Sciences (ICES) and identified
4520 patients who were diagnosed with a stage IV Non-Small Cell Lung Carcinoma (NSCLC) between April 1,
2007, and Dec 31, 2016, in the province of Ontario in Canada. Patients who were treated with anything other
than only first- and second-line NSCLC palliative chemotherapy (i.e., surgery and radiation) were excluded
to ensure consistency when measuring outcomes. Large cell and squamous cell NSCLC patients were also
excluded from the study cohort. Chemotherapy regimens included cisplatin/carboplatin plus one of
gemcitabine, paclitaxel, docetaxel, pemetrexed, and vinorelbine. Some patients had switched regimens after
the first line of treatment, and this was defined as second-line chemotherapy. Data for newer therapies like
targeted therapy and immunotherapy were not available to be analyzed as administrative databases are not
updated in a timely fashion to keep up with the advances in the treatments.

The date of diagnosis was defined as the date when stage IV NSCLC adenocarcinoma was confirmed
histologically by a pathologist. Vital status (alive or dead) was accurate up until the follow-up cut-off date of
December 31, 2017. Time from diagnosis to first treatment was defined as the number of days between the
dates of diagnosis to the date of first-line chemotherapy administration. Time from the diagnosis to death or
last follow-up was defined as the overall survival. 

Variables of interest
We examined the effect of the length of time from diagnosis to the first chemotherapy treatment on the
survival of the patients from treatment initiation. Some variables of interest accounted for in our analysis
included urban or rural location (rural defined as greater than 50 km from nearest cancer center), gender,
distance from the nearest cancer center in kilometers, household income (in CAD$20,000 increments from
CAD$0 to CAD$200,000 per annum), age, and first chemotherapy agent used.

Analysis
Data were analyzed using SAS version 9.4 (2013; SAS Institute Inc., Cary, North Carolina, United States).
Upon ensuring the accuracy of data entry and statistical assumptions, descriptive statistics were performed
to describe the sample characteristics. Kaplan-Meier and multivariate Cox regression analyses were
performed, as appropriate, to address the outlined study objectives.

Cox regression analysis of the metastatic population was adjusted for general characteristics that were
significantly different between groups. These included the patients' age, household income, and distance to
the cancer center. All analyses were performed using a two-tailed α-value of 0.05, and either P≤0.05 or the
95%CI, was considered to indicate a statistically significant value.

Results
The sample of 4520 patients was balanced with respect to income, with approximately 20% of patients in
each of the five income brackets. Of this sample, 53% were male, 47% were female, 14% were from rural
areas, and 86% were from urban areas. The most used chemotherapy agent was gemcitabine (63%), followed
by paclitaxel (18.5%), vinorelbine (15.1%), docetaxel (2.6%), and pemetrexed (0.8%). The time to the first
treatment had a median of 63 days (IQR: 40-98 days) while the distance from the nearest center had a
median of 12 km (IQR: 5-48 km).

The Cox Proportional Hazards Regression Model analysis indicated that type of the chemotherapy, length of
time to the first treatment, and distance from the nearest center had a statistically significant impact on
survival, as shown in Table 1. Every additional 10 km increase in distance from the nearest cancer center was
associated with a 0.5% increased risk of death (Hazard Ratio (HR) = 1.005, 95%CI 1.000-1.010). It was found
that a longer diagnosis-treatment interval was better for survival. Every 10-day increase in the waiting time
to initial treatment was associated with a 0.5% decrease in the risk of death (HR=0.995, 95%CI 0.993-0.998). 

With regards to the type of chemotherapy used, paclitaxel had a lower HR and increased probability of
survival compared to vinorelbine (HR = 0.835, 95%CI 0.753-0.925), docetaxel (HR = 0.771, 95%CI 0.513-
0.994), and gemcitabine (HR = 0.916, 95%CI 0.826-0.998) (Table 1 and Figure 1). 
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Compared factors Hazard Ratio 95% Confidence Limits

Differences among the chemo agents

Docetaxel vs Gemcitabine 1.134 0.936 1.360

Docetaxel vs Paclitaxel 1.229 1.006 1.487

Docetaxel vs Pemetrexed 0.885 0.616 1.300

Docetaxel vs Vinorelbine 1.026 0.838 1.245

 Gemcitabine vs Paclitaxel 1.084 1.002 1.174

Gemcitabine vs Pemetrexed 0.780 0.571 1.102

Gemcitabine vs Vinorelbine 0.904 0.832 0.985

Paclitaxel vs Pemetrexed 0.720 0.523 1.022

Paclitaxel vs Vinorelbine 0.835 0.753 0.925

Pemetrexed vs Vinorelbine 1.159 0.815 1.597

Distance to the nearest cancer center (per 10 km away) 1.005 1.000 1.010

Time to the first chemotherapy (per 10 days) 0.995 0.993 0.998

TABLE 1: Cox Proportional Hazards Regression Model: statistically significant factors impacting
survival include chemotherapy used, distance to cancer center, and diagnosis-to-treatment time.
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FIGURE 1: Kaplan-Meier Curve of Survival by Chemotherapy: patients
treated with paclitaxel had a better survival compared to gemcitabine,
vinorelbine, docetaxel, and pemetrexed
 

 

Discussion
Principal findings
Our retrospective study aims to provide further clarification regarding the relationship between the
diagnosis to treatment time for patients with stage IV NSCLC receiving chemotherapy treatment in Ontario
from 2007 to 2016. Our principal finding shows a positive correlation between a longer diagnosis-to-
treatment time and overall survival. For every 10 additional days between diagnosis and treatment, overall
survival improved by 0.5% (95%CI 0.2%, 0.7%). This result adds to the existing literature, which has also
described similar trends in other healthcare systems such as the United Kingdom and Australia. Termed
"sicker quicker", previous authors suggest that patients who appear the most symptomatic receive treatment
more urgently [8,9]. However, their survival is limited by the severity of their disease.

Hypothesis 1: Sicker Patients Receive Expedited Care But Still Die Quicker Due To Their Inherently Sicker State 

When considering why our study found that a longer diagnosis-treatment interval was better for survival, we
hypothesized that the aforementioned “sicker quicker” principle might have been a contributing factor.
However, it is difficult to declare conclusively as our data for each patient did not include patient
comorbidities, sites of metastases, or the number of metastatic sites. This information would have allowed
us to further categorize patients based on the severity and progression of their disease state and, in turn,
examine whether it was correlated to their treatment time and subsequent survival time.

Other studies have suggested that those who experience shorter system delays may have poorer lung cancer
survival because such patients may be at the "sicker" end of the spectrum present with symptoms that
expedite their referral, diagnosis, and treatment, yet their survival is limited by the increased severity of
their disease [8,10].

Hypothesis 2: "Sicker" Patients May Be Less Likely To Benefit From Chemotherapy

It is also possible that "sicker" patients are less likely to benefit from chemotherapy and are more likely to
experience increased toxicity from chemotherapy which may, in fact, decrease their survival.
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A key factor in evaluating the appropriateness of chemotherapy is the patient’s Eastern Cooperative
Oncology Group performance status (PS). Studies from the 1980s established that poor PS (PS 3 and 4) is a
strong predictor of poor survival, reduced response, and worsened toxicity to chemotherapy [11]. As such,
the American Society of Clinical Oncology (ASCO) recommends against chemotherapy patients with a PS
score of 3 or greater as the harms may outweigh the benefits [12]. However, many patients with poor PS
continue to receive chemotherapy anyway and, in fact, chemotherapy in patients with poor PS seems to be
increasing [8].

We postulate that symptomatic or "sicker" patients are more likely to start the treatment sooner but are less
likely to derive benefit from palliative chemotherapy. Thus, it is possible that "sicker" appearing patients
often experience shortened wait times for starting the treatment compared to healthier patients. 

However, a drawback to this hypothesis is recent evidence against the idea that poor PS patients are always
harmed by cytotoxic chemotherapy. Patients with poor PS is a heterogeneous population, and those with
poor PS attributable to high tumour burden alone may benefit from chemotherapy and other treatments
rather than poor PS from multiple other comorbidities [13]. In contrast to studies from the past, recent
studies have shown that modern less-toxic targeted therapies or immunotherapy may be associated with
positive effects on survival for poor PS patients with stage IV NSLSC [11,14].

Clinical implications
Evidently, the decision-making process is complicated for both the patient and their medical team. The
judicious use of chemotherapy only for patients who are likely to derive benefit has been shown to improve
survival [6,15,16]. Additionally, enhanced communication of patient preferences may improve symptom
management, helping reduce unintended harms of aggressive treatment leading to potential survival
benefits [6]. Incorporating goals of care discussions, fostering better communication among the
multidisciplinary care team, and setting realistic patient expectations for cancer treatment, may lead to
improved patient selection for a treatment regimen most likely to derive benefit than harm [17].

Strengths and limitations of the study
The analysis of a large cohort of patients over a 10-year period from multiple cancer centers in Ontario is a
strength of this study. To our knowledge, this study is the first to analyze the relationship between stage IV
NSCLC diagnosis and treatment time and overall survival in Canada.

However, the use of ICES administrative data meant that we could not examine some potentially useful
parameters including comorbidities and performance scores. Furthermore, our finding that a greater
distance to the cancer center resulted in decreased overall survival would have been well complemented by
comparing patient outcomes between urban academic cancer centers and more sparsely populated
community cancer centers. Also, due to the lag time between data acquisition and analysis, we were not able
to include patients who received targeted therapy and immunotherapy and compare their outcomes with
patients who received chemotherapy.

Finally, the retrospective nature of our study could perhaps increase the likelihood of confounding,
selection, and measurement bias and so the findings in the study should be interpreted with caution.

Conclusions
In conclusion, our study revealed that there was a positive correlation between a longer diagnosis to
treatment time and overall survival in stage IV NSCLC patients receiving chemotherapy in Ontario. Other
factors we found to improve survival in our patient population included the type of chemotherapy regimen
and living closer to the cancer center. These findings add to existing literature aiming to explain the “sicker
quicker” phenomenon and prompt further analysis in order to find a definitive answer to this topic. Future
studies can involve looking at diagnosis-to-treatment time stratified by performance score, as well as taking
a deep dive into the clinical decision-making process when starting systemic therapy, especially as targeted
therapies and immunotherapy have emerged as a promising treatment for advanced stage NSCLC.

Additional Information
Disclosures
Human subjects: Consent was obtained or waived by all participants in this study. Windsor Regional
Hospital Research Ethics Board issued approval CC-17-173. Type of Approval: Category A: Approved The
WRH Research Ethics Board is constituted and operated in accordance with the Tri-Council Policy
Statement for Ethical Conduct of Research Involving Humans (TCPS2) 2014, Canadian Food and Drug
Regulations, Division 5 (Clinical Trials), ICH Good Clinical Practice Guidelines E6, U.S. Code of Federal
Regulations Title 21 & 45 and the Personal Health Information Protection Act, 2004 (PHIPA). Only Research
Ethics Board members who are independent of the investigator(s) conducting the study participated in
decisions relating to this research. . Animal subjects: All authors have confirmed that this study did not
involve animal subjects or tissue. Conflicts of interest: In compliance with the ICMJE uniform disclosure
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form, all authors declare the following: Payment/services info: All authors have declared that no financial
support was received from any organization for the submitted work. Financial relationships: All authors
have declared that they have no financial relationships at present or within the previous three years with
any organizations that might have an interest in the submitted work. Other relationships: This work was
supported by the Schulich-UWindsor Opportunities for Research Excellence Program provided by the
University of Windsor and the Schulich School of Medicine and Dentistry, Western University Canada.
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