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Abstract

Purpose—To determine if time to treatment (TTT) has an effect on overall survival (OS) in
patients with unresectable or medically inoperable stage 111 non-small cell lung cancer (NSCLC),
and if patient or treatment factors are associated with TTT.

Methods and Materials—A total of 237 consecutive patients with stage 11l NSCLC treated at
University of Michigan Hospital (UM) or the Veterans Affairs Ann Arbor Healthcare System
(VA) were evaluated. Patients were treated with either palliative or definitive radiotherapy (RT),
and received RT alone (n = 106) or either sequential (n = 69) or concurrent chemoradiation (n =
62). The primary endpoint was overall survival (OS).

Results—Median follow-up was 69 months and median TTT was 57 days. On univariate
analysis, the risk of death did not increase significantly with longer TTT (p = 0.093). However,
subset analysis showed that there was a higher risk of death with longer TTT in patients who
survived = 5 years (p = 0.029). Younger age (p = 0.027), male gender (p = 0.013), lower
Karnofsky Performance Score (KPS) (p = 0.002), and treatment at the VA (p = 0.001) were
significantly associated with longer TTT. However, on multivariable analysis only lower KPS
remained significantly associated with longer TTT (p = 0.003).

Conclusion—Time to treatment is significantly associated with OS in patients with stage 11
NSCLC who lived longer than 5 years, though it is not a significant factor in stage 11 patients as a
whole. Lower KPS is associated with longer TTT.
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Introduction

Lung cancer is the leading cause of cancer-related death in the United States. In 2007, there
were 211,380 new lung cancer cases and 160,390 deaths (1), of which 80% to 85% were due
to non-small cell lung cancer (NSCLC). Surgical resection is the most effective method of
controlling early-stage NSCLC. Most patients with T1-2 NO tumors are curable by resection,
with 5 year overall survival (OS) of 75-80% (2). Five-year OS rates for completely resected
T3 NO lesions are in the range of 30-50%. However, once mediastinal lymph nodes are
involved, survival decreases to 15-20% (3). In addition, there is an inverse relationship
between tumor volume and local control. Based upon a reported mean doubling time for
squamous cell carcinoma of the lung, biologic models estimated a 0.31% per day decrease in
the probability of local tumor control with increasing time from cancer detection (4).
Therefore, some patients may be at risk of becoming incurable while waiting to initiate
therapy (5). Thus, to maximize the probability of cure it is theoretically advantageous to
treat patients with minimal delay.

Many clinical studies have shown that time to treatment (TTT) is highly variable (4-16). For
example, estimated TTT from referral to initiation of RT for patients with stage 111B
squamous cell carcinoma of the lung in the Unites States versus Canada is 9 versus 34 days,
respectively (5). Studies from Europe have reported median TTT of 15-54 days for RT for
patients with lung cancer (5, 7, 10-12,14-16). However, the influence of diagnostic and
therapeutic delays on clinical outcomes is poorly understood. Some studies have indicated
that such delays negatively affect prognosis (5,9,15) while others have not shown such an
association (7,10-14,16).

Most previous studies on TTT are derived from single-institution experiences with
heterogeneous patient cohorts composed of both early and advanced stage lung cancer
patients treated with older RT techniques (5,7,9,10,12,15,16). Approximately 30%-40% of
NSCLC patients have unresectable stage 111A/B disease at diagnosis, and newer
chemotherapy agents, improved supportive care measures, and advances in radiation
technology have resulted in improved outcomes (17,18). Yet, treatment with combined
chemoradiation using contemporary 3-D CT-based planning is logistically more complicated
and requires more time for treatment planning. Knowledge of the possible influence of TTT
on survival and the factors associated with TTT in a large cohort of patients treated with
modern chemotherapy regimens and RT techniques would be clinically valuable.

In this study we aimed to investigate: 1) the effect of TTT on overall survival (OS); and 2)
the factors associated with TTT in patients with unresectable or medically inoperable stage
I11 NSCLC treated by RT alone or combined chemoradiation.

Materials and Methods

Patient Selection

This is an Institutional Review Board approved retrospective study. Eligible subjects
included all patients with stage 111 NSCLC treated with radiation-based therapy at
University of Michigan Hospital (UM) and the Veterans Affairs Ann Arbor Healthcare
System (VA) between January 1992 and July 2004. Patients treated with surgical resection
or for recurrent disease were excluded. Thus, of a total n = 353 patients, 116 were excluded.
All 237 patients involved in this study were restaged according to American Joint Cancer
Committee (AJCC) 2002 criteria: stage 1A (T1-3 N2 MO, T3 N1 MO) and 1B (T1-3 N3
MO, T4 NO-3 M0). CT was used for the staging the majority of patients. Positron emission
tomography (PET) was performed based on physician's preference at University of
Michigan Hospital; and it was routinely not performed at the Veterans' hospital during the
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study period. A total of 75 patients (55 at UM and 20 at VA) underwent PET scan. Charlson
scales were used to rate comorbidity (19). A consistent 3-D conformal technique was used
throughout the study period. Patients treated with RT for palliative or curative intent, as well
as patients who participated in a RT dose-escalation trial during the study period were
included in the analysis. Sequential or concurrent chemotherapy was allowed.

General Treatment Decision

Treatment decisions were generally made by an institutional tumor board consisting of
thoracic surgeons, medical oncologists, and radiation oncologists. Treatment strategies were
determined by the treating physician based on tumor status, performance status and
comorbidities. Most of the patients with stage 111 NSCLC were treated with RT with
definitive or palliative intent either with or without chemotherapy depending on treatment
era (more concurrent chemoradiation in recent years) and the patient's eligibility for
chemotherapy.

Radiation Therapy Technique

Patients who enrolled in the dose-escalation trial received RT based on the following
protocol specifications. Patients underwent planning CT and treatment while lying supine in
a low-density cradle and breathing freely. At the time of simulation, fluoroscopy was
performed from both the anterior and lateral projections to measure the maximum excursion
of the primary tumor in the superior-inferior and anterior-posterior directions. Treatment-
planning CT scans were performed with patients in the treatment position, including the
entire thorax, using a maximum of 5-mm cuts through the target volume, and were
performed using 1V contrast, if possible. The GTV included only the primary tumor, any
hilar or mediastinal lymph nodes with a short-axis diameter of at least 1 cm on CT, and any
abnormal findings detected on bronchoscopy or mediastinoscopy. The primary GTV was
usually drawn using a lung CT window and level, whereas abnormal lymph node volumes
were drawn using a mediastinal window and level. The clinical target volume (CTV) was
routinely created by expanding the GTV by 0.5 cm. Clinically uninvolved hilar, mediastinal,
and supraclavicular nodal regions were not purposely included in the CTV. The planning
target volume (PTV) was created by expanding the CTV by a minimum of 0.5 cm for setup
error. An additional margin (typically 0.5-1.0 cm) was added when necessary to account for
respiratory motion. The 100% isodose line was defined at the isocenter, and dose was
prescribed to this point. Plans were optimized to attempt to cover 99% of the PTV by the
95% isodose line.

Typically, a single treatment plan was used, which consisted of a median of three non-
coplanar static fields (range: 2-7). All patients received daily treatment with beams ranging
in energy from 6 to 25 MV. Tissue heterogeneity was corrected using the equivalent path
length algorithm. The fraction size was 2.1 Gy for on-trial patients. For patients who
received radiation in the off-trial setting, the radiation technique was similar to that
described above, except that fraction size ranged from 1.8 Gy to 3.0 Gy. The radiation dose
for the whole group ranged from 30 Gy in 3-Gy fractions to 102.9 Gy in 2-or 2.1-Gy
fractions, with a median dose of 60 Gy in 2-Gy fractions. The median BED was 72.2 Gy
(range, 39-124.5 Gy). There were 169 patients treated with definitive radiotherapy and 68
with a palliative dose of radiotherapy. The median BED was 78 Gy (95% confidence
interval [CI], 77-79 Gy) for patients treated with definitive intent and 50 Gy (95% ClI,
47-53Gy) for patients treated with palliative intent.

Data Analysis and Statistical Considerations

Overall survival (OS) was the primary endpoint of this study. Survival was defined as the
time between the pathological diagnosis date and the date of death. Time to treatment was
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defined as the interval between first radiological diagnosis of the lung cancer and the
commencement of treatment.

Age at diagnosis, gender, Karnofsky Performance Score (KPS), percent of total body weight
loss (<5 vs. =5%), smoking history (yes vs. no), pre-RT oxygen use (yes vs. no), Charlson's
comorbidity score, treatment intent and chemotherapy use (yes vs. no) were collected from
patient's hospital medical records and are the factors evaluated for association with TTT.

Data were considered right-censored for OS outcomes if no events occurred by the end of
follow-up. The Kaplan-Meier method was used to estimate TTT curves for different groups,
and the Log-Rank test was used to assess significance between groups. Cox's proportional
hazards model was used for multivariate analysis to test the significance of TTT effects on
OS and to estimate the simultaneous impact of patient and treatment factorson TTT.
Fisher's Exact Test was used to compare the differences in survival rates among groups. All
p values were two-sided, with p < 0.05 considered significant.

Patient and Treatment Characteristics

Patient and treatment characteristics are provided in Table 1. In this group of patient, 68 had
squamous cell carcinoma, 77 adenocarcinoma, 34 large cell carcinoma and 58 had unknown
histologic subtype of NSCLC. A total of 106 patients were treated with RT alone, 69 with
sequential chemoradiation and 62 with concurrent chemoradiation; 168 with definitive RT
and 69 with palliative RT. The commonly used chemotherapy agents were carboplatin,
etoposide, paclitaxel, cisplatin and vinorelbine. For sequential chemoradiation, 24 patients
were treated with carboplatin and paclitaxel, 19 with cisplatin and vinorelbine, 6 with
cisplatin and etoposide and 20 with other regimens. For concurrent chemoradiation, 21
patients were treated with carboplatin and etoposide, 18 with cisplatin and etoposide, 17
with carboplatin and paclitaxel and 6 with other regimens.

Time to Treatment and Overall Survival

The median TTT for the entire group was 57.0 days (95% Cl: 52.8-61.2 days, range 0-377
days). The number of patients with TTT < 60, 61-90, and > 90 days were 128, 58, and 51,
respectively. Figure 1 shows the TTT for the entire study group. There was no significant
association between TTT < 60, 60-90, or > 90 days and OS in this group of patients (median
OS was 10.2, 14.9 and 16.4 months, respectively, p = 0.065). Patients in this study group
with TTT < 60 days appeared to have worse survival than those with TTT >90 days, but this
effect appeared to be due to confounding factors such as KPS, body weight loss, treatment
regimen, and biologically equivalent RT dose as described that stated in a previous study
(20).

Figure 2 shows no significant effect of TTT on OS in the entire patient cohort. Among the
10 patients with TTT > 6 months, 3-year and 5-year survival rates were 10% and 0%,
respectively, while among the 226 patients with TTT < 6 months, 3-year and 5-year survival
rates were 15% and 7.4%, respectively (3-year, p=0.548; 5-year, p=0.466).

Univariate analysis demonstrated that TTT had no significant impact on OS for the entire
cohort of patients (HR 0.998, 95% CI: 0.995-1.000, p = 0.093), or for patients with
squamous cell carcinoma (HR 0.996, 95% CI: 0.990-1.002, p = 0.247), adenocarcinoma
(HR 0.997, 95% CI: 0.992-1.003, p = 0.344), or large cell carcinoma (HR 0.995, 95% CI:
989-1.002, p = 0.133). TTT also had no significant effect on OS for patients treated with RT
alone (HR 0.997, 95% CI: 0.994-1.001, p = 0.115), sequential chemoradiation (HR 0.958,
95% CI: 0.917-1.002, p = 0.060), or concurrent chemoradiation (HR 0.996, 95% CI: 957—
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1.036, p = 0.848); or for patients treated with definitive RT (HR 0.998, 95% CI: 0.995-
1.002, p = 0.362) or palliative RT (HR 0.997, 95% CI: 993-1.002, p = 0.214).

Upon categorizing patients by duration of OS, longer TTT was a significant negative
prognostic factor in patients with OS > 5 years (HR 1.029, 95% CI: 1.003-1.055, p = 0.029),
but not in patients with OS = 2 years (HR 1.004, 95% CI: 0.996-1.012, p = 0.319) or OS = 3
years (HR 1.008, 95% CI: 0.995-1.022, p = 0.207).

Factors Associated with Time to Treatment

The factors that were evaluated for association with TTT are shown in Table 1. Univariate
analysis demonstrated that male gender (Figure 3A, p = 0.013) and care at the VA (Figure
3B, p = 0.001) were significantly associated with longer TTT. Older age (HR 0.985, 95%
Cl: 0.972-0.998, p = 0.027) and higher KPS (HR 0.964, 95% CI: 0.942—- 0.986, p = 0.002)
were significantly associated with shorter TTT. Weight loss, smoking history, pre-RT
oxygen use and higher co-morbidity score were not significantly associated with TTT.

In terms of treatment variables, there was no significant difference in TTT between patients
treated with RT alone or with sequential or concurrent chemoradiation (p = 0.747). The
median TTT for patients treated with RT alone, sequential chemoradiation, and concurrent
chemoradiation was 54.0 days (95% CI: 43.9-64.1 days, range 0-336 days), 56.0 days (95%
Cl: 40.9-71.1 days, range 1-194 days), and 59.0 days (95% CI: 54.8-63.2 days, range 9—
377 days), respectively.

Multivariate Cox proportional hazards regression analysis was performed to further evaluate
the independent effect of patient, tumor and treatment factors on TTT (Table 2). This
analysis included factors with p <0.1 on univariate analysis. KPS remained significantly
associated with TTT (HR 0.962, 95% CI: 0.937-0.987, p = 0.003). Older age, gender, and
co-morbidity score were not associated with TTT (p = 0.084). In terms of treatment factors,
treatment at the VA was not significantly correlated with longer TTT on multivariate
analysis (HR 1.318, 95% CI: 0.966-1.798, p = 0.082).

Discussion

This study demonstrated that longer TTT is not significantly correlated with OS in a large
cohort of patients with stage 111 NSCLC treated with RT. However, longer TTT may be
associated with an increased risk of death in patients who were treated within 90 days and
the patients who survived beyond 5 years after treatment of stage 111 NSCLC. Higher KPS
was associated with shorter TTT on both univariate (p = 0.002) and multivariate analyses (p
= 0.003) and treatment at the VA Healthcare System was associated with longer TTT (p =
0.001) on univariate analysis.

From a biologic point of view, prolonged TTT may result in increased tumor burden, which
would have a potential negative effect on prognosis. Hasegawa ef a/. examined volume
doubling times (VDT) of lung cancers detected on mass-screening CT scans (21). The VDT
varied significantly by histology: adenocarcinoma, 533 + 381 days; squamous cell
carcinoma, 129 + 97 days; and small cell lung cancer, 97 + 46 days. Others have reported
that the doubling times for squamous cell carcinoma and adenocarcinoma are 88 days and
161 days, respectively (4,21,22). Thus, even lung cancers that are barely radiographically
detectable may have originated months and even years ago. However, the growth of tumors
is exponential, and even if the pre-clinical history is long, the growth rate at the time of
radiographic identification will be more rapid due to the cell number effect. Hence, the
duration of time to diagnosis or treatment may be an important prognostic factor.

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2012 June 25.
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In the present study, the median TTT, defined as the time from radiographic diagnosis to
initiation of therapy, for the entire cohort was 57 days. O'Rourke et a/. studied 29 lung
cancer patients awaiting RT in the United Kingdom (UK) and showed that the median time
between diagnostic and RT planning CT scans was 54 days (range 18-131 days) (5). In
another single-center UK study, Bozcuk et al. reported a median time of 48 days from
referral request to a specialist to initiation of treatment (10). A Swedish study by Koyi et a/.
analyzed 134 patients with stage |-V NSCLC and demonstrated that the median time from
the first visit to a specialist to diagnosis was 9 days, and from diagnosis to treatment was 79
days (7). Similarly, among 466 Swedish patients with stage 1-1V NSCLC, Myrdal et al.
found a median of approximately 48 days from first visit to a specialist and the start of
treatment (11).

Clinical investigations on the effect of TTT on lung cancer prognosis have demonstrated
mixed results (5,7-16). For instance, several studies did not show a correlation between
longer treatment wait times and OS. In a series of 132 patients with stage -1V small cell
lung cancer and NSCLC with median treatment delay of 15 days from diagnosis to treatment
start, Salomaa et al. concluded that longer delays did not correlate with worse prognosis
(12). In this study, the majority (67%) of patients had stage I11B-1V lung cancer, and the
median time between the first visit with a specialist and diagnosis was shorter for these
patients (median 13 versus 22 days for stage 111B-1V versus I-I11A, respectively, p = 0.001).
Moreover, patients with a longer TTT had a lower risk of death. The study by Myrdal et a/.
also reported an association between short time to treatment and a poorer prognosis with a
significant interaction between tumor stage and shorter TTT, especially among patients with
stage 11B-1V disease (11). Similarly, Bozcuk H ef a/. found no correlation between the time
from receipt of referral to first treatment and OS (10). One possible explanation for the lack
of correlation between TTT and outcome is that patients with more advanced disease often
have more severe symptoms which require earlier initiation of treatment (10-12).

In this study, a large cohort of patients with stage 111A/B NSCLC treated with modern
therapy and techniques were analyzed to investigate the effect of TTT on OS. As was
reported in the majority of previous studies (11-14), the results of the current study suggest
that TTT is not a significant prognostic factor for the entire patient cohort. However, longer
TTT may increase the risk of death in patients who become long-term survivors, suggesting
that shorter TTT could eventually benefit some patients. Unfortunately, there are no reliable
methods to predict which patients are going to become long-term survivors.

The growth of tumors is highly variable, but may be partly dependent on histology (4,
21,22). However, similar to prior studies, the current study did not show any effect of TTT
on OS in either squamous cell carcinoma or adenocarcinoma (12). Of note, Kashiwabara et
al. (23) studied 198 asymptomatic patients with stage 1-IV SCLC and NSCLC detected on
screening CTs and found that a 1-year delay prior to consultation or treatment was
associated with a poor outcome. Overall, the evidence indicates that there is no strong effect
of TTT on OS, possibly because the usual range of TTT is not long enough to allow
significant tumor growth (24). Alternatively, overall survival of patients with lung cancer
may be so uniformly poor that a small effect cannot be detected. However, TTT may
become a more important factor for patients with more rapidly growing tumors or with
longer survival times.

Few studies have investigated factors associated with longer TTT. In the present study,
longer TTT was noted in males (median, 60 vs. 54 days, p = 0.013) and the VA cohort
(median, 67 versus 55 days, p = 0.001), while shorter TTT was noted in older patients (p =
0.027) and patients with higher KPS (p = 0.002). On multivariable analysis, higher KPS
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(HR=0.962, 95% CI 0.937- 0.987, p = 0.003) remained associated with shorter TTT. Thus,
the dominant factor affecting TTT in this study was performance status.

Although the current study did not show any benefit with shorter TTT, ,it is still important to
initiate treatment with RT as soon as possible after diagnosis because of the presence of
symptoms, patient anxiety and many other reasons of patients with lung cancer. As such,
there are many recommendations regarding optimal limits on TTT. The Swedish Lung
Cancer Study Group (11) recommends that 80% of all patient diagnostic tests should be
completed within 4 weeks from consultation with a specialist and that treatment should start
within 2 weeks of diagnosis. Canadian recommendations (25) specify a maximum of 4
weeks between the first visit to a general practitioner and diagnosis and less than 2 weeks
from diagnosis to surgery. The British Thoracic Society recommends the following maximal
times from first visit to a respiratory specialist to specific treatments: 8 weeks for
thoracotomy, 4 weeks for definitive RT, and 2 weeks for palliative RT (26). However, no
evidence-based recommendations exist for TTT for combined modality treatments for stage
11 NSCLC.

There are several limitations of the current study. First, it represents the experience in two
different health systems and patient populations. Due to non-uniform clinical conditions and
the presence of other confounding factors, the possible effects of TTT may have been
obscured. Second, the study may be underpowered to detect relatively small differences in
outcomes. Third, the standard of care for treatment and staging of NSCLC evolved over the
duration of this study, with more recent patients being staged with PET and more frequently
treated with combined chemoradiation. Fourth, retrospective studies are always hypothesis
generating and should be validated in prospective cohorts before definitive conclusions can
be drawn.

In summary, this study assessed the effect of TTT on overall survival in a cohort of patients
with stage 111A/B NSCLC receiving modern treatment regimens. Overall, there was no
significant effect of TTT on overall survival. However, longer TTT may increase the risk of
death in long-terms survivors. Higher KPS is significantly correlated with shorter TTT and
KPS is a confounding factor for OS in this group of patients, while younger age, male
gender, and treatment in the VA Healthcare System may be associated with longer TTT.
Future prospective studies are needed to establish optimal TTT guidelines in patients
receiving chemoradiation for stage 111 NSCLC.
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Figure 1.

Time to treatment of all patients (X-axis present different patient).
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Figure 2.
Time to treatment and overall survival time. There was no correlation between time to
treatment and overall survival (Cox-regression analysis, continuous covariate, p = 0.093).
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Figure 3.

Factors associated with time to treatment. Figure 3A: Time to treatment by gender with
greater median time to treatment in men than in women (Log-rank, p = 0.013). Figure 3B:
Time to treatment by institution with greater median time to treatment in the VA cohort than
in the UM hospital cohort (Log-rank, p = 0.001).
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Table 2
Patient and treatment characteristics associated with timeto treatment (multivariate
analysis)
Factors Estimated HR of treatment wait (95% Cl)  pygye
Age 0.988 (0.974 — 1.002) 0.084
Gender 1.110 (0.806 - 1.527) 0523
KPS 0.962 (0.937 - 0.987) 0.003
Comorbidity score 0.920 (0.832-1.017) 0.104
Treatment at VA 1.318 (0.966 — 1.798) 0.082

Abbreviations: KPS = Karnofsky performance score, VA = Veterans Affairs Ann Arbor Healthcare System.
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ClI = confidence interval, HR = hazard ratio (risk of treatment wait).

*
Multivariate Cox's proportional hazards model.

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2012 June 25.



