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Real-world predictors of survival
in patients with limited-stage
small-cell lung cancer in
Manitoba, Canada
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Background: Although therapy for limited-stage small-cell lung cancer (LS-

SCLC) is administered with curative intent, most patients relapse and eventually

die of recurrent disease. Chemotherapy (CT) with concurrent radiotherapy (RT)

remains the standard of care for LS-SCLC; however, this could evolve in the near

future. Therefore, understanding the current prognostic factors associated with

survival is essential.

Objective: This real-world analysis examines factors associated with long-term

survival in patients with LS-SCLC treated with CT in Manitoba, Canada.

Methods: A retrospective cohort study was conducted using Manitoba Cancer

Registry and CancerCare Manitoba records. Eligible patients were aged >18 years

and had cytologically confirmed LS-SCLC diagnosed between January 1, 2004,

and December 31, 2018, for which they received CT ± RT. Baseline patient,

disease, and treatment characteristics and survival duration, characterized as

short (<6 months), medium (6−24 months), and long term (>24 months), were

extracted. Overall survival (OS) was estimated at one, two, and five years and

assessed using Kaplan-Meier methods and Cox proportional hazards models.

Results: Over the 15-year study period, 304 patients met the eligibility criteria.

Long-term survivors comprised 39.1% of the cohort; at diagnosis, this subgroup

was younger, more likely to have Eastern Cooperative Oncology Group

Performance Status (ECOG PS) 0, and have normal lactate dehydrogenase,

sodium, and hemoglobin levels. OS estimates for the entire cohort at one,

two, and five years were 66%, 38%, and 18%, respectively. In the ECOG PS 0

subgroup, OS estimates at one, two, and five years were 85%, 52%, and 24%,

respectively; OS estimates were 60%, 35%, and 17%, respectively, for ECOG PS 1

−2 and were 47%, 23%, and 10%, respectively, for ECOG PS 3−4. OS was

significantly higher among patients with normal serum sodium and
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hemoglobin levels than those with abnormal levels. Univariable hazard

regression models found that ECOG PS, age at diagnosis, receipt of

prophylactic cranial irradiation (PCI), and thoracic RT were associated with

survival. On multivariable hazard regression, ECOG PS and receipt of PCI were

associated with survival.

Conclusion: Survival for greater than two years in patients with LS-SCLC treated

with CT ± RT was associated with ECOG PS and receipt of PCI.
KEYWORDS
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1 Introduction

Small-cell lung cancer (SCLC) is an aggressive disease typically

featuring rapid growth and early development of locoregional and

distant metastases (1, 2), which represents approximately 12% of all

lung cancers in Canada (3). SCLC is classified according to disease

extent as either limited stage (LS), which corresponds to most

patients with 8th edition TNM stage I-IIIB, or extensive stage (ES),

which corresponds to most patients with stage IIIC/IV (4). LS-

SCLC refers to the presence of a tumor limited to one hemithorax,

which historically corresponded to a 10 x 10 cm radiation treatment

field, and accounts for approximately one-third of patients with

SCLC (3, 5). An estimated 20% of patients with LS-SCLC survive to

two years from diagnosis, and 10%–13% survive past five years (5–

9). With treatment, median survival of patients with LS-SCLC is

estimated at 14–20 months, while those who do not receive

treatment typically survive for approximately 10–12 weeks (5, 7,

9, 10).

Therapy for LS-SCLC is administered with curative intent (11–

14). The standard of care for LS-SCLC is platinum-based

chemotherapy (CT) and concurrent radiotherapy (RT) (15, 16).

CT is with either cisplatin or carboplatin, often in combination with

etoposide (15, 16). Surgical resection may be considered for patients

with T1-T2, N0, M0 (stage I) and no pathologic mediastinal

involvement (17, 18). In patients with LS-SCLC who respond well

to initial CT ± RT, prophylactic cranial irradiation (PCI) may be

used to decrease the risk of developing brain metastases and to

increase OS (14, 19). The use of PCI versus monitoring with MRI is

currently being further evaluated in the MAVERICK (SWOG

S1827) trial (20).

Despite a high level of initial response to initial therapy, most

patients with LS-SCLC will relapse and eventually die of recurrent

disease (9, 21, 22). Relapsed LS-SCLC is associated with a poor

prognosis, and those with disease relapses within 6 months of

completing their initial course of CT have less of a chance of

responding to additional CT (9, 23). The existence of long-term LS-

SCLC survivors has been recognized; however, patient, disease, and

treatment characteristics associated with long-term survival are not

well defined (9, 22).
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Research in SCLC is ongoing and new therapeutic options may

be available in the near future. Ongoing clinical trials are evaluating

the safety and efficacy of immune checkpoint inhibitors (ICIs) with

or following chemoradiotherapy (CRT) in patients with LS-SCLC

(24, 25). To date, ICIs in combination with CT ± RT have been

demonstrated to provide clinical benefit in patients with ES-SCLC

and non-SCLC (NSCLC) (26–31).

Understanding the impact of baseline patient characteristics on

choice of treatment and clinical outcomes is essential for improving

outcomes in patients with LS-SCLC. To date, few population-based

studies have comprehensively examined the patient characteristics

and treatment patterns associated with long-term survival among

patients with LS-SCLC in Canada (32–34). Our group previously

evaluated the effect of cisplatin vs. carboplatin on clinical outcomes of

patients with ES-SCLC and LS-SCLC in a cohort of patients from

CancerCare Manitoba (CCMB) (33). Patients treated with

carboplatin (26.2% of the cohort) were more likely to have Eastern

Cooperative Oncology Group Performance Status (ECOG PS) 3−4,

elevated lactate dehydrogenase (LDH), and ES-SCLC than those

receiving cisplatin. Unadjusted median overall survival (OS) was

224 vs. 322 days in the carboplatin and cisplatin groups, respectively

(33). A separate analysis of the same cohort examined the impact of

inpatient vs. outpatient CT administration on outcomes in a mixed

group of patients with LS-SCLC and ES-SCLC (34). The majority

(65.5%) of patients with LS-SCLC were ECOG PS 0, and 91.7%

received outpatient CT ± RT. Multivariable analysis identified ECOG

PS as an independent predictor of outcome. The two- and five-year

OS estimates for the LS-SCLC cohort were 33.6% and 15.9%,

respectively, and OS at two years was higher among outpatients

(34.7% vs. 22.2%), but five-year OS was similar among inpatients and

outpatients (16.7% vs. 15.8%) (34).

The present study expands on our earlier real-world

retrospective cohort (33, 34), with additional data from patients

diagnosed up to the year 2018. The objective of this analysis was to

describe the characteristics and treatment regimens of patients with

LS-SCLC who received CT ± RT in Manitoba, Canada, and to

estimate the probability of OS for these patients to five years from

diagnosis. Data were stratified by length of survival: short- (<6

months), medium- (6-24 months), and long-term (>24 months).
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2 Materials and methods

2.1 Study design

This is a retrospective, population-based, cohort study of

patients with LS-SCLC and treated with CT ± RT in the

Canadian province of Manitoba, which has a catchment

population of approximately 1.4 million universally insured

persons with a single-source, publicly administered, healthcare

system. This study was approved by the University of Manitoba

Health Research Ethics Board (HREB H2015:154 [HS18575], RRIC

#2015-31).
2.2 Study cohort

Eligible patients 1) were aged >18 years, 2) had cytologically

confirmed LS-SCLC, and 3) received cytotoxic CT ± RT. Patients

were excluded from the analysis if they did not receive CT, had

NSCLC, or had ES-SCLC.
2.3 Data source

Data were obtained from a previously described study cohort

from the Manitoba Cancer Registry (MCR) (34). The MCR is

among the oldest cancer registries in North America and is

operated by CCMB to collect, classify, and maintain detailed

information on all cancer cases in Manitoba. Eligible patients in

the initial study were diagnosed between January 1, 2004, and

December 31, 2013, which was expanded for the current study to

include patients diagnosed between January 1, 2014, and December

31, 2018. A manual review of all patients’ CCMB outpatient

electronic medical records provided additional case details.

Follow-up data were available until September 30, 2021.
2.4 Outcome measures

Outcome measures were descriptive characteristics of the

patient cohort and the treatment regimens they received. Patient

characteristics included current age, age at diagnosis, sex, smoking

status, stage of disease at diagnosis, laboratory test results at

diagnosis, and ECOG PS at diagnosis. Key parameters of

laboratory testing included levels of LDH, sodium, and

hemoglobin, which have been identified as important prognostic

factors in LS-SCLC (35–38). Laboratory values in our database were

acquired prior to cycle 1 and CT typically starts within 1-2 weeks of

clinician assessment. If ECOG PS was not explicitly stated in the

electronic medical record, it was derived from the description of

patient functional status in the initial history and physical

examination. Treatment characteristics included regimen received,

such as CT (cisplatin or carboplatin and etoposide), RT, thoracic RT

to lung or mediastinum (concurrent, sequential, or palliative), or

brain RT (PCI or whole-brain RT). Of note, no patients in this
Frontiers in Oncology 03
cohort received ICIs since they were not available for SCLC patients,

regardless of stage, during this period. We included patients

classified as limited stage based on best understanding at the time

of treatment administration, whereas Collaborative Stage (stage I-

IV in Table 1) is determined retrospectively, which sometimes leads

to upstaging.

Clinical outcomes included treatment response and OS, which

was defined as the time interval (months) from date of first CT

treatment to date of death, censoring due to loss to follow-up, or

end of the follow-up period (September 30, 2021). Patient response

was classified according to the clinical records as complete (total

resolution of tumor burden), partial (evidence of a decrease in

tumor burden without total resolution), stable (no change in tumor

burden), progression (increase in tumor burden), or unknown.

Patients were categorized by survival time as follows: short term

(<6 months), medium term (6−24 months), and long term (>24

months). Proportions of patient characteristics, treatment

regimens, and treatment responses were stratified by

survival categories.
2.5 Statistical analysis

Descriptive statistics were used for patient, disease, and

treatment characteristics. Frequency (n and %) was determined

for each categorical variable of interest, and the median and range

were determined for age (continuous variable). Standard statistical

tests including the Pearson Chi-square and Fisher exact tests for

categorical variables and Kruskal-Wallis tests for continuous and

non-normally distributed variables were used to test for significant

differences in proportions of variables by survival categories. OS

probabilities in patients was evaluated with Kaplan-Meier analysis,

with the log-rank test used to assess for differences by stratification

variables of interest. OS estimates at one, two, and five years and

were assessed by sex, ECOG PS, LDH, sodium, and hemoglobin

levels, and performance of thoracic RT and PCI. For all statistical

tests, a P-value of ≤0.05 was considered statistically significant.

Univariable followed by multivariable Cox hazard regression

was used to evaluate patient, disease, and treatment characteristics

associated with OS. To adjust for the immortality bias associated

with having lived long enough to receive thoracic or brain RT,

landmarked survival curves were modeled including all patients

who survived ≥6 months. Multivariable Cox hazard regression

modeling was used to identify patient and disease characteristics

and treatment regimens associated with long-term survival.
3 Results

3.1 Patient demographics

Between 2004 and 2018, a total of 304 patients were identified as

having received CT with or without concomitant RT for LS-SCLC

and were included in this study. Baseline patient and disease

characteristics are summarized in Table 1. The population’s mean
frontiersin.org

https://doi.org/10.3389/fonc.2023.1191920
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Dawe et al. 10.3389/fonc.2023.1191920
TABLE 1 Baseline patient and disease characteristics.

Characteristic
Short-

term survival
Medium-

term survival
Long-

term survival
P-valuea

Patients, n (%)b 29 (9.5) 156 (51.3) 119 (39.1)

Age, years, median (range) 71 (54-85) 68 (35-87) 66 (45-90) 0.029c

Sex, n (%) 0.440d

Male 14 (48.3) 69 (44.2) 45 (37.8)

Female 15 (51.7) 87 (55.8) 74 (62.2)

ECOG PS, n (%) 0.003

0−2 22 (75.9) 139 (89.1) 111 (93.3)

3−4 7 (24.1) 16 (10.3) 7 (5.9)

Collaborative stage, n (%) 0.066

I-II −e 33 (21.2) 42 (35.3)

III-IV −e 119 (76.3) 77 (64.7)

Smoking status, n (%) 0.271

Never/prior smoking/unknown 17 (58.6) 95 (60.9) 76 (63.9)

Current 12 (41.4) 61 (39.1) 43 (36.1)

Smoking (pack years), median (range) 45 (6-63) 40 (0-100) 40 (0-100) 0.1321c

LDH,f n (%) 0.011

Normal 13 (44.8) 112 (71.8) 93 (78.2)

Elevated 12 (41.4) 34 (21.8) 19 (16.0)

Sodium,g n (%) 0.013

Normal 22 (75.9) 125 (80.1) 108 (90.8)

Abnormal −e 29 (18.6) 11 (9.2)

Hemoglobin,h n (%) 0.008

Normal 16 (55.2) 88 (56.4) 84 (70.6)

Low 11 (37.9) 67 (43.0) 35 (29.4)

T-Stage 0.117

T0/1 -e 32 (20.5) 30 (25.2)

T2 10 (34.5) 48 (30.8) 44 (37.0)

T3 -e 17 (10.9) 16 (13.5)

T4/X 11 (37.9) 59 (37.8) 29 (24.4)

N-Stage 0.104

N0 -e 24 (15.4) 32 (26.9)

N1 -e 21 (13.5) 19 (16.0)

N2/3/X 22 (75.9) 110 (70.6) 68 (59.1)
F
rontiers in Oncology
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aFisher exact test P-value;
bunknown data comprise the differences in characteristic subtotals and the group totals;
cKruskall Wallis test P-value;
dChi-square P-value;
epatient numbers ≤5 are censored based on requirements from Manitoba Health;
felevated LDH: >230 U/L;
gabnormal sodium: <135 or >147 mEq/L;
hlow hemoglobin: males <140 g/L, females <120 g/L. ECOG PS, Eastern Cooperative Oncology Group Performance Status; LDH, lactate dehydrogenase.
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age was 67 years, and there were more females (57.9%) than males

(42.1%). The majority of patients had ECOG PS 0−2 (89.4%) and

Stage III disease (67.4%). Long-term survivors represented 39.1% (n

= 119) of the overall cohort. They were less likely to have ECOG 3−4

or any abnormal laboratory results (LDH, sodium, or hemoglobin

levels) than short- or medium-term survivors. Smoking status had

no impact on survival.

Table 2 presents the pattern of treatment regimens. Significantly

more patients received initial cisplatin (75.3%) than carboplatin

(24.7%; P = 0.005). RT to any site was given to 86.8% of patients and

PCI was used in less than 50% of patients. Approximately 19% of

patients received no thoracic RT and 16% more received only

palliative intention RT. Most patients achieved complete/partial

response (72.7%) to the prescribed therapy rather than remaining

stable (11.2%) or experiencing initial disease progression (8.9%). CT

was completed by 86.2% of patients, including 91.6% of long-term,

90.4% of medium-term, and 41.4% of short-term survivors. CT was

delayed for ≥1 cycle in 79.0% of patients and more commonly
Frontiers in Oncology 05
among medium- (84.0%) and long-term (78.2%) than short-term

survivors (55.2%). Complete/partial response was achieved by

79.8%, 73.1%, and 41.4% of long-, medium-, and short-term

survivors, respectively. Thoracic RT was administered to 80.6% of

patients, including 83.2%, 85.3%, and 44.8% of long-, medium-, and

short-term survivors, respectively. Concurrent thoracic RT was the

most common delivery (46.5% of those receiving thoracic RT).
3.2 Survival analysis

Kaplan-Meier analysis demonstrated OS estimates at one, two,

and five years of 66%, 38%, and 18%, respectively (Figure 1A).

Females were more likely than males to survive two or five years, but

this difference was not statistically significant (P = 0.61) (Figure 1B).

Patients with ECOG PS 0 had significantly higher one-, two-, and

five-year survival estimates compared with those with ECOG PS 1-2

and PS 3-4 (P < 0.01) (Figure 1C). Survival rates were higher among
TABLE 2 Treatment characteristics by survival.

Characteristic
Short-

term survival
Medium-

term survival
Long-

term survival
P-valuea

Patients, n (%)b 29 (9.5) 156 (51.3) 119 (39.1)

Response, n (%) <0.001

Complete or partial 12 (41.4) 114 (73.1) 95 (79.8)

Stable −c 15 (9.6) 19 (16.0)

Progression −c 20 (12.8) −c

Chemotherapy, n (%) 0.005

Cisplatin 15 (51.7) 117 (75.0) 97 (81.5)

Carboplatin 14 (48.3) 39 (25.0) 22 (18.5)

Chemotherapy setting, n (%) 0.312

Inpatient −c 14 (9.0) 7 (5.9)

Outpatient −c 142 (91.0) 112 (94.1)

Thoracic RT delivery, n (%) <0.001

None 16 (55.2) 23 (14.7) 20 (16.8)

Concurrent −c 53 (34.0) 56 (47.1)

Sequential −c 48 (30.8) 34 (28.6)

Palliative 8 (27.6) 32 (20.5) 9 (7.6)

PCI received, n (%) −c 47 (30.1) 77 (64.7) <0.001

Surgical resection, n (%) −c 6 (3.9) 17 (14.3) 0.005

Completed chemotherapy,
n (%)

12 (41.4) 141 (90.4) 109 (91.6) <0.001

Dose reduction, n (%) 8 (27.6) 41 (26.3) 40 (33.6) 0.403

Course delayed, n (%) 16 (55.2) 131 (84.0) 93 (78.2) 0.004

Any RT received, n (%) 14 (48.3) 141 (90.4) 109 (91.6) <0.001
fr
aFisher exact test P-value;
bunknown data comprise the differences in characteristic subtotals and the group totals;
cpatient numbers ≤5 are censored based on requirements from Manitoba Health. PCI, prophylactic cranial irradiation; RT, radiotherapy; Chemotherapy setting is for cycle 1.
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patients with normal vs. elevated LDH levels (>230 U/L) at

diagnosis but were not statistically significant (P = 0.12)

(Figure 1D). Survival rates were significantly higher among

patients with normal vs. abnormal (<135 or >147 mEq/L) sodium

levels (P < 0.01; Figure 1E) and with normal vs. low hemoglobin

levels (males <140 g/L, females <120 g/L) at diagnosis (P < 0.01;

Figure 1F). Receipt of thoracic RT was associated with higher

survival rate (P < 0.01). Median OS values for concurrent,

sequential, and palliative thoracic RT were 1.9, 1.5, and 1.0 years,

respectively. Landmarked OS analysis of patients surviving at least 6

months showed a significant difference in OS by type of RT (P =

0.03; Figure 2A). Patients treated with PCI had a median survival of

2.4 years and experienced higher one-, two-, and five-year survival
Frontiers in Oncology 06
estimates than patients who did not receive PCI treatment; this

pattern of longer survival in patients who received PCI was also

seen in the OS analysis landmarked at 6 months (P <

0.01; Figure 2B).

On univariable hazard regression analysis, OS was significantly

associated with ECOG PS, age at diagnosis, receipt of thoracic RT,

receipt of PCI, and T-stage. On multivariable hazard regression

analysis, T-stage, PCI and ECOG PS were independent predictors of

OS after adjusting for other variables in the model (Table 3). A

landmarked multivariable analysis examining only patients

surviving for ≥6 months was performed to account for the

immortality bias in patients receiving thoracic RT or PCI and

showed significance with only PCI (Table 4).
Follow-up time Survival probability 95% CI 

1 year 0.66 0.60-0.71 

2 years 0.38 0.33-0.44 

5 years 0.18 0.14-0.23 

Sex Follow-up time Median survival 
(years) 

Survival probability Log-rank P-value 

Female  1.51 (1.24-1.93)  0.61 

 1 year  0.68 (0.60-0.74)  

 2 years  0.41 (0.34-0.49)  

 5 years  0.20 (0.15-0.27)  

Male  1.28 (1.10-1.55)   

 1 year  0.63 (0.54-0.71)  

 2 years  0.34 (0.26-0.43)  

 5 years  0.16 (0.10-0.22)  

BA

ECOG PS Follow-up time Median survival 
(years) 

Survival probability Log-rank P-value 

0  2.03 (1.50-2.36)  <0.01 

 1 year  0.85 (0.75-0.91)  

 2 years  0.52 (0.41-0.62)  

 5 years  0.24 (0.15-0.34)  

1-2  1.29 (1.09-1.55)   

 1 year  0.60 (0.53-0.67)  

 2 years  0.35 (0.28-0.41)  

 5 years  0.17 (0.12-0.23)  

3-4  0.95 (0.64-1.31)   

 1 year  0.47 (0.28-0.63)  

 2 years  0.23 (0.10-0.39)  

 5 years  0.10 (0.03-0.24)  

Na Follow-up time Median survival 
(years) 

Survival probability Log-rank P-value 

Normal  1.55 (1.31-1.90)  <0.01 

 1 year  0.69 (0.63-0.74)  

 2 years  0.42 (0.35-0.48)  

 5 years  0.20 (0.15-0.25)  

Abnormal  1.10 (0.85-1.32)   

 1 year  0.56 (0.40-0.69)  

 2 years  0.24 (0.13-0.38)  

 5 years  0.09 (0.03-0.19)  

Unknown  0.44 (0.27-upper 

bound missing)  

 

 1 year  -  

 2 years  -  

 5 years  -  

Hgb Follow-up time Median survival 
(years) 

Survival probability Log-rank P-value 

Normal  1.60 (1.34-2.02)  <0.01 

 1 year  0.70 (0.63-0.76)  

 2 years  0.44 (0.37-0.51)  

 5 years  0.18 (0.12-0.24)  

Low  1.23 (1.01-1.43)   

 1 year  0.60 (0.51-0.69)  

 2 years  0.30 (0.22-0.39)  

 5 years  0.19 (0.13-0.27)  

Unknown  0.44 (0.27-upper 

bound missing)  

 

 1 year  -  

 2 years  -  

 5 years  -  

CI, confidence interval; ECOG PS, Eastern Cooperative Oncology Group Performance Status; Hgb, hemoglobin; 

LDH, lactate dehydrogenase; Na, sodium; OS, overall survival.  

D E F

C

LDH Follow-up time Median survival 
(years) 

Survival probability Log-rank P-
value 

Normal  1.55 (1.37-1.91)  0.12 

 1 year  0.71 (0.65-0.77)  

 2 years  0.42 (0.36-0.49)  

 5 years  0.20 (0.15-0.25)  

Elevated  1.07 (0.85-1.34)   

 1 year  0.54(0.41-0.65)  

 2 years  0.28 (0.17-0.39)  

 5 years  0.13 (0.06-0.23)  

Unknown  0.95 (0.71-3.17)   

 1 year  0.48 (0.26-0.67)  

 2 years  0.33 (0.15-0.53)  

 5 years  0.18 (0.05-0.37)  

FIGURE 1

Analysis of OS by patient characteristic: (A) Overall cohort (n = 304); (B) Sex (n = 304); (C) ECOG PS (n = 302); (D) LDH (n = 304); (E) Serum sodium
(n = 304); (F) Hemoglobin (n = 304). CI, confidence interval; ECOG PS, Eastern Cooperative Oncology Group Performance Status; Hgb, hemoglobin;
LDH, lactate dehydrogenase; Na, sodium; OS, overall survival.
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4 Discussion

This real-world population-based study adds important details

to existing knowledge of the demographics, disease characteristics,

and treatment outcomes in patients with LS-SCLC treated with CT

± RT. Long-term survivors were younger and more likely to have an

ECOG PS of 0 and normal LDH, sodium, and hemoglobin levels at

diagnosis. Short-term survivors were less likely to receive cisplatin

and more likely to receive palliative RT or no RT. ECOG PS 0 and

use of PCI were independently associated with longer OS; of note,

PCI remained significant in a landmarked model. ECOG PS was the

patient characteristic with the strongest association with survival,

providing additional evidence that ECOG PS is an important

predictor of survival in patients with lung cancers (1, 34, 39). OS

estimates were lower in patients with characteristics traditionally

associated with poor prognosis (high LDH, abnormal sodium, and

low hemoglobin) (35–38, 40), confirming the results of our previous

analysis in the earlier version of this cohort study (34). To our

knowledge, this is the most current population-based study to

comprehensively evaluate treatment patterns and clinical

outcomes in Canadian patients with LS-SCLC treated with CT

± RT.

Findings from this analysis are consistent with those from

previous studies. In a real-world study of patients with LS-SCLC

and ES-SCLC managed at an Alberta tertiary cancer center, 32.3%

of the 65 patients for whom ECOG PS was available had ECOG PS

0, and 63.1% were ECOG 1−2. First-line CT was used in 96.7% of

patients with LS-SCLC, including 20.0% as CT alone and 70.8% in

combination with RT (32). First-line cisplatin and carboplatin-
Frontiers in Oncology 07
based regimens were given to 62.1% and 28.4% of patients,

respectively. Surgery plus adjuvant therapy was used in 6.7% of

patients. Median OS was 40.2 months with first-line surgery plus

adjuvant therapy, 32.0 months with first-line CRT, 10.7 months

with CT only, CT + thoracic RT, or another first-line therapy

(topotecan, cyclophosphamide/doxorubicin/vincristine,

capecitabine/temozolomide, or trial agents), and 8.3 months with

no treatment. A real-world study from China found that disease

stage, good performance status, response to primary systemic

treatment, and chemo-irradiation treatments were associated with

better OS in patients with LS-SCLC (41). Patients had a median OS

of 24.0 months, and the one-, two-, and five-year OS estimates were

78.7%, 48.8%, and 24.2%, respectively. In a retrospective analysis of

records from the Ontario Cancer Registry of patients with ES-SCLC

and LS-SCLC, the five-year survival rate was 5.8% (42).

Concurrent CRT has been the standard of care for LS-SCLC for

three decades, but prognosis remains poor (24). Studies are

underway to evaluate the safety and efficacy of novel therapies for

LS-SCLC, including ICIs that inhibit programmed death-1 (PD-1)

or programmed death ligand 1 (PD-L1) (24, 25). Some of these

agents (durvalumab in combination with etoposide and carboplatin

or cisplatin and atezolizumab in combination with etoposide and

carboplatin) have been approved by Health Canada, the United

States Food and Drug Administration, and the European Medicines

Agency as first-line therapy for ES-SCLC (43–48). In the LS-SCLC

setting, the trial assessing atezolizumab (LU005) includes

atezolizumab concurrent with CRT followed by consolidation

atezolizumab, while ADRIATIC assesses adding consolidation

durvalumab, but does not include it concurrent with CRT (24,
BA

Thoracic RT Follow-up time Median survival 
(years) 

Survival probability Log-rank P-
value 

None  1.31 (0.56-2.67)  0.03 

 1 year  0.58 (0.42-0.71)  

 2 years  0.42 (0.27-0.56)  

 5 years  0.26 (0.14-0.39)  

Concurrent  1.52 (1.01-2.17)   

 1 year  0.61 (0.52-0.70)  

 2 years  0.41 (0.32-0.50)  

 5 years  0.22 (0.14-0.30)  

Sequential  0.99 (0.64-1.52)   

 1 year  0.49 (0.38-0.59)  

 2 years  0.29 (0.20-0.39)  

 5 years  0.16 (0.09-0.25)  

Palliative  0.53 (0.38-0.87)   

 1 year  0.32 (0.18-0.46)  

 2 years  0.22 (0.11-0.35)  

 5 years  0.12 (0.04-0.24)  

PCI Follow-up time Median survival 
(years) 

Survival probability Log-rank P-value 

None  0.67 (0.51-0.84)  <0.01 

 1 year  0.37 (0.29-0.45)  

 2 years  0.24 (0.17-0.31)  

 5 years  0.12 (0.07-0.17)  

Treated  1.87 (1.53 -2.53)   

 1 year  0.72 (0.63-0.79)  

 2 years  0.48 (0.39-0.57)  

 5 years  0.29 (0.21-0.37)  

OS, overall survival; PCI, prophylactic cranial irradiation; RT, radiotherapy.  

FIGURE 2

Analysis of limited-stage patient’s OS by treatment pattern who were alive at 0.5 years (N = 275): (A) Type of thoracic RT; (B) PCI. OS, overall
survival; PCI, prophylactic cranial irradiation; RT, radiotherapy.
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TABLE 3 Multivariable analysis of the full cohort (N = 302).

Univariable Multivariable

Variable Categories
Hazard
ratio

95%
CI

P-
value

Overall P-
value

Hazard
ratio

95%
CI

P-
value

Overall P-
value

ECOG 0 Reference – – Reference – –

1-2 1.43
1.08-
1.89 0.011 1.40

1.06-
1.87 0.019

3-4 2.06
1.33-
3.18 0.001 0.002 1.44

0.90-
2.30 0.128 0.049

Treatment Cisplatin (I) Reference – – n/a

Cisplatin (C) 0.78
0.49-
1.24 0.3

Carboplatin (I) 2.07
0.91-
4.71 0.082

Carboplatin
(C) 0.95

0.57-
1.57 0.838 0.081

Sex Female Reference – – n/a

Male 1.07
0.84-
1.36 0.608 0.608

Thoracic RT (yes/
no)

No Reference – – n/a

Yes 0.83
0.62-
1.12 0.23 0.229

Thoracic RT
(original)

None Reference Reference – –

Concurrent 0.70
0.50-
0.97 0.035 0.86

0.60-
1.23 0.397

Sequential 0.85
0.60-
1.20 0.351 0.82

0.57-
1.19 0.294

Palliative 1.29
0.87-
1.90 0.205 0.005 1.08

0.71-
1.64 0.723 0.464

PCI No Reference – – Reference – –

Yes 0.44
0.34-
0.56 <0.001 <0.001 0.49

0.38-
0.65 <0.001 <0.001

T Stage

T0 Reference – – Reference – –

T1 1.51
0.65-
3.54 0.338 1.38

0.58-
3.31 0.464

T2 1.78
0.78-
4.08 0.171 1.75

0.75-
4.09 0.196

T3 1.78
0.74-
4.26 0.197 1.97

0.80-
4.82 0.139

T4 2.43
1.06-
5.57 0.036 0.024 2.47

1.07-
5.71 0.034 0.011

N Stage N0 Reference – – n/a

N1 1.09
0.71-
1.66 0.707

N2 1.43
1.04-
1.96 0.027

N3 1.50
0.91-
2.46 0.11 0.085

(Continued)
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TABLE 3 Continued

Univariable Multivariable

Variable Categories
Hazard
ratio

95%
CI

P-
value

Overall P-
value

Hazard
ratio

95%
CI

P-
value

Overall P-
value

Age Continuous 1.02
1.01-
1.04 0.001 <0.001 1.01

1.00-
1.03 0.083 0.079

LDH Continuous 1.00
1.00-
1.00 0.282 0.282 n/a

Sodium Continuous 0.98
0.95-
1.00 0.084 0.084 n/a

Hemoglobin Continuous 0.99
0.99-
1.00 0.212 0.212 n/a

Smoking (pack
years)

Continuous 1.01
1.00-
1.01

0.115 0.115 n/a
F
rontiers in Oncology 09
CI, confidence interval; ECOG PS, Eastern Cooperative Oncology Group Performance Status; LDH, lactate dehydrogenase; HR, hazard ratio; PCI, prophylactic cranial irradiation; T-stage, tumor
size; N-stage, nodal status.
P-values <0.05 are bolded.
n/a = not applicable.
TABLE 4 Multivariable analysis of the landmarked cohort of patients with LS-SCLC who survived to 6 months (N = 275).

Univariable Multivariable

Variable Categories
Hazard
ratio

95%
CI

P-
value

Overall P-
value

Hazard
ratio

95%
CI

P-
value

Overall P-
value

ECOG 0 Reference – – Reference – –

1 to 2 1.37
1.03-
1.82 0.033 1.39

1.04-
1.87 0.027

3 to 4 1.72
1.06-
2.79 0.028 0.035 1.31

0.77-
2.20 0.316 0.077

Treatment Cisplatin (I) Reference – – n/a

Cisplatin (C) 0.92
0.54-
1.55 0.748

Carboplatin (I) 1.06
0.51-
2.20 0.878

Carboplatin
(C) 1.01

0.57-
1.80 0.964 0.935

Sex Female Reference – – n/a

Male 1.04
0.80-
1.34 0.763 0.763

Thoracic RT (yes/
no)

No Reference – – n/a

Yes 1.11
0.79-
1.57 0.552 0.552

Thoracic RT
(original)

None Reference – – Reference – –

Concurrent 0.93
0.63-
1.35 0.691 1.09

0.73-
1.63 0.674

Sequential 1.20
0.81-
1.77 0.356 1.15

0.76-
1.74 0.497

Palliative 1.58
1.01-
2.46 0.045 0.035 1.34

0.83-
2.15 0.227 0.666

(Continued)
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49). Understanding the role of these novel agents in LC-SCLC

requires completion of ongoing trials.

While the prevailing standard of care for LS-SCLC remains

concurrent CRT, the current analysis further defines which

subgroups of patients might survive longest with systemic therapy

(2, 9). With the advent of novel therapeutic approaches,

identification of molecular subtypes of LS-SCLC may provide

information on the susceptibility of certain tumors to different

therapies and facilitate clinical decision-making, though this

requires additional molecular testing and is not yet a part of

routine practice (50). Biomarkers such as PD-L1 and tumor

mutation burden (TMB) may have predictive value for ICIs;

however, the effect is less certain than in NSCLC (51–55). Neither

PD-L1 expression nor TMB status were found to be associated with
Frontiers in Oncology 10
OS or progression-free survival in patients with ES-SCLC treated

with durvalumab or in long-term survival among patients with ES-

SCLC treated with atezolizumab (56, 57). Additional research is

required on how treatments affect long-term survivors as well as on

the way that treatments are delivered to patients with LS-SCLC. For

example, treatment before deterioration of the patient’s overall

health may prolong survival (58), as could an earlier time to

concurrent RT in patients with LS-SCLC and ECOG PS 0−1 (59).

In our study, receipt of thoracic RT was associated with longer OS;

however, this correlation was not seen when the cohort was

landmarked to decrease the immortality bias associated with

living long enough to receive both thoracic RT and PCI.

Similarly, receipt of PCI was associated with improved survival,

which was supported in the landmarked analysis. However,
TABLE 4 Continued

Univariable Multivariable

Variable Categories
Hazard
ratio

95%
CI

P-
value

Overall P-
value

Hazard
ratio

95%
CI

P-
value

Overall P-
value

PCI No Reference – – Reference – –

Yes 0.47
0.37-
0.62 <0.001 <0.001 0.52

0.39-
0.69 <0.001 <0.001

T Stage T0 Reference – – Reference – –

T1 1.42
0.61-
3.34 0.418 1.36

0.57-
3.28 0.484

T2 1.64
0.71-
3.77 0.244 1.63

0.69-
3.83 0.262

T3
1.61

0.66-
3.90 0.292 1.73

0.70-
4.30 0.235

T4 2.28
0.99-
5.25 0.052 0.036 2.26

0.97-
5.24 0.058 0.056

N Stage N0 Reference – – n/a

N1 1.15
0.74-
1.79 0.546

N2 1.45
1.04-
2.03 0.028

N3 1.43
0.84-
2.46 0.192 0.129

Age Continuous 1.02
1.01-
1.04 0.005 0.005 1.01

1.00-
1.03 0.133 0.133

LDH Continuous 1.00
1.00-
1.00 0.708 0.709 n/a

Sodium Continuous 0.97
0.95-
1.00 0.08 0.080 n/a

Hemoglobin Continuous 0.99
0.99-
1.00 0.115 0.115 n/a

Smoking (pack
years)

Continuous 1.01
1.00-
1.01

0.173 0.173 n/a
CI, confidence interval; ECOG PS, Eastern Cooperative Oncology Group Performance Status; LDH, lactate dehydrogenase; HR, hazard ratio; PCI, prophylactic cranial irradiation; T-stage, tumor
size; N-stage, nodal status.
P-values <0.05 are bolded.
n/a = not applicable.
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outcomes for patients with LS-SCLC remain poor, highlighting the

need for new therapeutic options and ongoing research in this

patient population.

PCI use was common in this patient population. It was lower

than the rates in some other real-world Canadian studies (50.0%

−70.5%) (10, 32, 60). The principal reason for non-use of PCI has

been identified as patient refusal due to neurotoxicity concern (14,

60). A landmark randomized trial by Takahashi et al. has also raised

concern within the oncologic community that PCI may no longer

provide survival benefits in an era where magnetic resonance

imaging (MRI) is often used for initial screening (61). While that

trial only included patients with ES-SCLC, concern that the benefit

of PCI is confined to patients with brain metastases undetectable

with computed tomography scanning, but detectable by MRI, also

raises questions about benefit in the LS-SCLC population. Recent

guidelines still suggest PCI in patients with LS-SCLC who

experience a good response to CT+RT (62). Ongoing studies in

LS-SCLC and ES-SCLC populations are investigating the use of PCI

in conjunction with ICIs (24, 63, 64), and the MAVERICK trial is

evaluating the safety and efficacy of MRI brain surveillance with PCI

versus MRI brain surveillance alone in patients with SCLC (65).
4.1 Study limitations

While observational and retrospective studies are prone to

selection bias, our use of a population-based sample of all eligible

treated patients in Manitoba is expected to minimize this risk.

However, the study cohort was limited to patients who survived

long enough to receive treatment with CT, which introduces some

selection bias. To adjust for immortality bias, landmarked analyses

were performed. As this was a retrospective study, some ECOG PS

data were derived from patient description in the medical chart

instead of formally stated values, and some laboratory test values were

missing in the records analyzed. Smoking pack-year data were

missing for 10% of patients. This study did not capture data on

dose or timing relative to chemotherapy start for RT administered,

although our clinical experience is that it is relatively rare for patients

who start thoracic radiotherapy to discontinue it prior to completing

the entire course and thus dose heterogeneity is expected to be small

and thus non-contributory to survival outcomes in this cohort.
5 Conclusions

This study provides supporting evidence that long-term

survival in patients with LS-SCLC treated with CT is associated

with known prognostic factors such as ECOG PS, laboratory test

results, and receipt of treatment in addition to CT. As CT with

concurrent RT remains the standard of care for LS-SCLC, a

comprehensive understanding of the prognostic factors associated

with survival is essential. If trials adding ICIs to the current standard

of care prove successful, then this study also provides a baseline

real-world estimate of survival for future comparison.
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