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Introduction

Lung cancer remains the number one cause of cancer-
related deaths in both men and women in the United States 
with over 220,000 new cases diagnosed annually (1). Out of 
these, small cell lung cancer (SCLC), a poorly differentiated 
neuroendocrine tumor, accounts for roughly 10–15% of 
cases (2). Most patients diagnosed with SCLC have a heavy 
smoking background and can present with respiratory 
symptoms or a variety of paraneoplastic syndromes 
including syndrome of inappropriate antidiuretic hormone 
secretion, Lambert-Eaton syndrome, or Cushing syndrome 
(3,4). A key feature of SCLC is its highly aggressive nature 
with a propensity towards early dissemination. Indeed, the 

incidence of detecting SCLC at an early stage is extremely 
low, with up to only 5% of patients presenting with clinical 
stage I disease after confirmation with mediastinal nodal 
sampling (5). 

Historically, staging for SCLC was dichotomized as 
either “limited stage” (LS-SCLC) or “extensive stage”  
(ES-SCLC), the former categorization referring to any 
non-metastatic disease that could be safely treated within an 
acceptable, definitive radiation therapy (RT) plan (6). This 
unique two-stage system relative to other lung cancer types 
was established by the Veterans Administration Lung Study 
Group in 1957 and has governed clinical trial enrollment 
criteria and treatment algorithms which typically focus 
on the application of systemic therapy with or without 
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local therapy (7). Over the past decade, however, studies 
showing survival differences by extent of primary and nodal 
disease have resulted in the adaptation of a more thorough 
classification system such as the American Joint Committee 
on Cancer (AJCC) TNM staging system for SCLC (8,9).

The current AJCC 8th edition staging system defines 
stage I SCLC as tumors ≤4 cm without nodal involvement 
(cT1–T2aN0) (6). Even for this optimal subgroup of 
patients, the 5-year overall survival (OS) remains poor at 
31% despite intensive treatment (10,11). Local therapy in 
the form of primary resection for surgical candidates or 
definitive radiation therapy (RT) for inoperable patients 
is recommended by the National Comprehensive Cancer 
Network (NCCN) in addition to systemic therapy (6). 
However, optimal RT specifications such as the total dose 
and schedule are unknown and are the primary objectives 
of an ongoing clinical trial (12). More recently, the 
development and clinical application of stereotactic body 
radiotherapy (SBRT), a highly conformal RT modality 
capable of delivering ablative doses in 1 to 5 fractions, as 
part of the management of early stage lung cancers is also 
challenging current standards of care. 

Operable clinical stage I SCLC

Although surgical resection with mediastinal lymph node 
dissection or sampling is the recommended form of local 
therapy for operable stage I SCLC, there have not been 
any prospective clinical trials examining the role of surgery 
for this group of patients. Interestingly, very limited 
randomized clinical trial data exists even for LS-SCLC of 
which the main findings do not support the use of surgery. 
The Medical Research Council phase III trial was one of 
the earliest trials that compared surgery versus radical RT 
for the management of SCLC of the bronchus. Out of 144 
patients, 71 were randomized to surgery and exhibited a 
median OS of 6.5 months compared to 9.3 months in favor 
of RT (P=0.04) (13). The low survival outcomes observed in 
both arms is likely due to multiple factors including a higher 
risk population, lack of consistent chemotherapy usage 
(only 12% for all comers), the application of outdated RT 
techniques, and the fact that surgical patients underwent 
pneumonectomies which can be associated with higher 
perioperative morbidity and mortality rates compared to 
lobectomies (14,15).

The Lung Cancer  Study Group 832 phase  III 
randomized clinical trial, which investigated the role of 
surgery in operable SCLC patients who responded to 

chemotherapy, also found no survival benefit with surgery 
for LS-SCLC (median OS 15.4 vs. 18.6 months; P=0.78). 
However, this study was unique in that all randomized 
patients, including those treated with surgery, received 
thoracic RT and prophylactic cranial irradiation (PCI) (16). 
Challenges with extrapolating conclusions from these trials 
to subgroups of LS-SCLC patients are inevitable. A recent 
Cochrane analysis based on these two trials and another for 
all lung cancer histologies was inconclusive with respect to 
the role of surgery for clinical stage I SCLC (17). Despite 
the potentially outdated data and vastly heterogeneous 
patient population from the Lung Cancer Study Group 
832 trial, a sub-analysis by TNM staging found improved 
survival with earlier stages of disease, including a median 
OS of 21.4 and 24.2 months for patients with clinical 
T1N0M0 and T2N0M0 SCLC, respectively. They also 
reported lower unresectability rates with T1 tumors at 
6% compared to 16% for T2 and 40% for T3, thereby 
supporting the consideration and higher success rates of 
surgical resection for smaller tumors (16).

The majority of evidence in favor of surgery as a primary 
component of stage I SCLC treatment derives from 
institutional and large database retrospective studies. A series 
from Osaka, Japan evaluating all surgically treated SCLC 
from 1975 to 1994 found a median OS and 5-year OS of 
53 months and 49% for clinical stage IA and 25 months 
and 47% for clinical stage IB patients, respectively (9).  
A more modern cohort exhibited continued survival 
improvements with a 5-year OS of 86% when treated with 
surgery followed by platinum-based chemotherapy (18). 
With regards to databases, the International Association for 
the Study of Lung Cancer database is one of the largest and 
contains clinicopathologic, treatment, and follow-up data 
for over 12,000 cases of SCLC from around the world (8).  
Of these, 349 completely resected cases were analyzed by 
TNM stage, and the 5-year OS was 44–53% for the 159 
patients with pathologic stage I disease (19). Moreover, 
the National Cancer Data Base (NCDB), which captures 
over 70% of all newly diagnosed cancer cases in the United 
States, was also queried to show improved survival for 
early stage disease after surgery compared to nonsurgical 
regimens (20). Table 1 summarizes the randomized trials 
and several retrospective studies that have led to the general 
consensus of adopting surgery as a part of multidisciplinary 
care for patients with operable stage I SCLC.

When considering a patient for curative surgery, it is 
important to emphasize several points in addition to a 
thorough functional assessment. Firstly, it is critical that 
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proper clinical staging be performed. Given the tendency 
of SCLC to spread early, occult nodal metastatic disease 
in the setting of negative clinical nodal involvement 
by CT imaging is of significant concern. Inoue et al. 
reported a staging accuracy by CT scans of 68% with 
an underestimation of the N factor in 31% (N=19) of 
SCLC patients (9). Therefore, clinicians should only offer 
surgical interventions to patients in which a negative nodal 
involvement has been confirmed by either endoscopic 
ultrasonographic or mediastinal staging procedure (6,21). 
Moreover, since stage I tumors should be 4 cm or less 
in greatest dimension, managing a complete resection 
via a lobectomy should be achievable for the majority of 
patients as sublobar resections and pneumonectomies can 
result in worse perioperative and long-term outcomes (20).  
Complete resection by no means absolves the need for 
chemotherapy to address a systemic disease diagnosed at 
an early stage. Cisplatin and etoposide (EP), typically given 
over the course of 4 to 6 cycles, is considered modern, 
first-line systemic therapy for SCLC regardless of stage 
(6,22). Any patient with residual or pathologically node 
positive disease should be offered adjuvant chemoradiation, 
delivered concurrently or sequentially (6) (Figure 1). Lastly, 
clinicians should be mindful of healthcare disparities that 

exist in our society in order to actively attempt to minimize 
their influence on treatment selection for patients. For 
example, one study found that African Americans were 
approximately 50% less likely to undergo surgery than 
white patients (OR =0.49, P=0.001) and that lower rates of 
surgical resection were performed in elderly patients and 
Medicaid recipients (23).

Medically inoperable stage I SCLC

As previously mentioned, systemic therapy, ideally delivered 
concurrently with thoracic RT, has been established as the 
main stay treatment algorithm for LS-SCLC, including 
subsets of patients who have been found to have pathologic 
node-positive disease on mediastinal sampling or those with 
stage I disease that are deemed poor surgical candidates (6). 
The latter group is not trivial, as SCLC patients generally 
have greater smoking history and comorbidities than their 
NSCLC counterparts.

Conventionally fractionated RT

Two landmark analyses were published in 1992, one 
of which analyzed data from 2,140 LS-SCLC patients 

Table 1 Surgical data and survival parameters for patients with SCLC

Study
Study type
(time period)

Inclusion 
criteria

Select subgroups
Chemo-
therapy

PCI Survival parameters

Ahmed 
[2017] (21)

RS, SEER 
[2007–2013]

Stage I SCLC N=1,902 (427 S, 115 S+RT) – – MST 50 months (S)
MST 60+ months (S+RT)

Combs 
[2015] (20)

RS, NCDB 
[1998–2011]

cT1–3N0–2 
SCLC

N=2,476 S (841 cIA, 168 
cIB)

All S: 
68%

– 5-year OS: 54% (cIA); 36% (cIB)

Vallieres 
[2009] (19)

RS, IASLC 
[1990–2000]

Resected 
SCLC

N=349 (68 pIA, 91 pIB) – – 5-year OS: 53% (pIA); 44% (pIB)

Brock 
[2005] (18)

RS, Institutional 
[1976–2002]

Resected 
SCLC

N=82 (24 stage I → S+AdjC) AdjC: 
55%

23% 5-year OS: 86% (platinum); 42% 
(non-platinum)

Inoue 
[2000] (9)

RS, Institutional 
[1975–1994]

Resected 
SCLC

N=91 (32 cIA, 30 cIB) All: 78% 5.5% MST 53 months, 5-year OS 49% (cIA); 
MST 25 months, 5-year OS 47% (cIB)

Lad  
[1994] (16)

Randomized 
[1983–1989]

LS-SCLC 
responders to 
NeoC

N=146 (70 S, 76 no S)  
(13 cT1–2N0 in S)

NeoC: 
100%

100% MST 15.4 months (S) [MST 21–24 
months (S, cT1–2N0)]; MST 18.6 
months (no S)

Miller 
[1969] (13)

Randomized Operable 
SCLC

N=144 (71 S, 73 RT) All: 12% – MST 6.5 months, 5-year OS: 1% (S); 
MST 9.3 months, 5-year OS: 4% (RT)

SCLC, small cell lung cancer; PCI, prophylactic cranial irradiation; RS, retrospective study; SEER, surveillance, epidemiology, and end 
results database; S, surgery; RT, radiotherapy; NCDB, National Cancer Data Base; cIA, clinical stage IA; cIB, clinical stage IB; IASLC, 
International Association for the study of Lung Cancer; pIA, pathologic stage IA; pIB, pathologic stage IB; AdjC, adjuvant chemotherapy; 
MST, median survival time; NeoC, neoadjuvant chemotherapy. A dash represents lack of information or details.
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enrolled on 16 randomized clinical trials. This study found 
a 5.4% OS benefit at 3 years along with a local control 
improvement from 16% to 34% with the addition of 
thoracic RT to chemotherapy (24,25). Critiques of these 
trials centered on the heterogeneity of patients and the RT 
plans as well as the use of outdated cyclophosphamide or 
doxorubicin-based chemotherapy regimens. It was not until 
the results of the Intergroup 0096 phase III randomized trial 
were reported that a safe and acceptable RT scheme was 
nationally adopted. In this trial, a total of 381 patients were 
randomized from 1989 to 1992 to receive either twice-daily 
(BID) or once-daily thoracic RT to a total dose of 45 Gy  
delivered at 1.5 Gy/fraction over 3 weeks or 1.8 Gy/fraction  
over 5 weeks, respectively, concurrently with 4 cycles of 
EP27. Despite the rates of grade 3 esophagitis being higher 
with the BID regimen (27% vs. 11%; P<0.001), 5-year OS 
was significantly improved by 10% with BID fractionation 
(26% vs. 16%) (26). These findings are likely associated 
with the notion that the dose-response curve for SCLC 
lacks a shoulder, thereby representing a potential biological 
advantage of BID treatments over daily treatments for more 

optimal tumor killing.
However, the inferior biologically equivalent radiation 

dose with the once-daily RT arm from the INT 0096 study 
has led to continued investigations for the optimal thoracic 
RT schema. The CONVERT trial, which was a phase III, 
randomized, superiority trial comparing standard 45 Gy 
(BID) in 3 weeks to 66 Gy in 33 fractions (QD), found 
equivalent survival outcomes at 2 years between its two RT 
arms (27). The CALGB 30610/RTOG 0538 is an ongoing 
phase III trial that will hopefully yield relevant, randomized 
data on 45 Gy (BID) versus a higher QD fractionation 
scheme of 70 Gy at 2 Gy/fraction over 7 weeks (12). Besides 
RT dose and fractionation variations, several studies have 
also demonstrated improvements in survival when initiating 
RT early during the first 1–2 cycles of chemotherapy 
and when completing RT in 30 days or less (28-30). All 
previously described studies in LS-SCLC have laid the 
foundation for present day national guidelines; however, it 
is arguable that patients with very limited disease may be at 
a disadvantage by applying the same treatment algorithms 
to those with more extensive disease burden. Moreover, 

Figure 1 Treatment algorithm for patients with clinical stage I small cell lung cancer (SCLC). Routine brain imaging with MRI (preferred) 
or CT with contrast is recommended every 3–4 months for the first 1–2 years if PCI is not performed. PCI, prophylactic cranial irradiation; 
SBRT, stereotactic body radiation therapy; RT, radiotherapy.
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as further advancements in treatment modalities emerge, 
established guidelines should be re-examined, particularly 
for stage I SCLC patients who have the best prognosis with 
respect to tumor characteristics and may therefore benefit 
more from aggressive local therapy.

The application of SBRT for stage I SCLC

SBRT, otherwise known as stereotactic ablative radiotherapy 
(SABR), is a technique that relies on rigid immobilization 
and superior image guidance relative to conventional 
radiotherapy in order to deliver highly conformal, ablative 
radiation doses in 5 fractions or less to a designated site of 
disease. In recent years, there has been a burgeoning interest 
in evaluating the role of SBRT for inoperable stage I SCLC, 
a movement largely influenced by mirrored questions being 
answered in the realm of early stage NSCLC. It is known 
that patients with stage I NSCLC who are treated with 
conventional radiotherapy alone can have suboptimal local 
control rates of 30–50% and tend to experience inferior 
survival compared to those who are treated surgically (31). 
The potential biological advantages of delivering ablative, 
curative doses via SBRT was therefore investigated in 
several trials including the phase II RTOG 0236 trial which 
treated 55 inoperable patients with T1–2 (≤5 cm) N0 
NSCLC tumors to 54 Gy in 3 fractions. The 3-year OS 
was promising at 56% with an associated excellent primary 
tumor control rate of 98% and locoregional control rate 
of 87% (32). Subsequent SBRT studies have demonstrated 
the importance of achieving a calculated biologic effective 
dose of 100 Gy or greater and have outlined guidelines 

for treating centrally located tumors (33,34). Finally, a 
pooled analysis of two discontinued phase III randomized 
trials comparing SBRT to surgery in operable patients also 
supports SBRT as an acceptable alternative to surgery with 
excellent 3-year OS of 95% (vs. 79%) and limited treatment 
morbidity (32,35-37). 

As SCLC is thought to be more radiosensitive than 
NSCLC, the concept of SBRT as an ideal form of local therapy 
for stage I SCLC is rather logical but has yet to be tested in a 
randomized setting. Table 2 summarizes several retrospective 
SBRT series for early stage SCLC. Most case series are 
small with a less than 10 patient experience. The Kyushu 
University Hospital, for example, published its experience 
with 8 patients treated with SBRT to 48 Gy in 4 fractions  
and found a 3-year OS and DFS of 72% and 86%, 
respectively. Moreover, none of their patients developed 
local progression (41). From 2004 to 2010, 6 medically 
inoperable stage I SCLC patients treated with various SBRT 
fractionation schemes at another institution had a 100% 
local control rate with an observed 1-year OS of 63% (42). 
Despite the relatively small sample sizes, all institutional 
series have also reported minimal toxicity with SBRT, which 
is a key advantage over conventionally fractionated RT 
since most SCLC patients are past smokers and may have 
multiple cardiac and pulmonary comorbidities. 

Verma et al. recently published the largest series of 
SBRT cases, which included 74 patients (76 treated lesions) 
with stage I SCLC treated at over 24 different institutions. 
Ninety-six percent of the patients received SBRT with a 
BED ≥100 Gy. The median age was 72 years, median tumor 
size was 2.5 cm, and chemotherapy and PCI use occurred 

Table 2 SBRT data and survival parameters for patients with stage I SCLC

Study Study type (time period) Cohort size Chemotherapy PCI Survival parameters Local control

Verma [2017] (38) RS, multi-institutional 
[2005–2015]

N=74  
(76 lesions)

56% 23% MST 17.8 months; 3-year 
OS: 34%; 3-year DFS: 85%

3-year: 96%

Stahl [2017] (39) RS, NCDB [2004–2013] N=285 46%  
(43% NeoC)

– MST 24 months –

Ly [2014] (40) RS, institutional N=8 63% – 3-year OS 37%  
(60% with chemo)

–

Shioyama [2013] (41) RS, multi-institutional 
[2004–2009]

N=8 75% 0% 3-year OS 72%;  
3-year DFS 86%

3-year: 100%

Videtic [2013] (42) RS, institutional  
[2004–2010]

N=6 100% 100% 1-year OS 63%;  
1-year DFS 75%

1-year: 100%

MST, median survival time; NCDB, National Cancer Data Base; NeoC, neoadjuvant chemotherapy; RS, retrospective study; SBRT, 
stereotactic body radiotherapy. A dash represents lack of information or details.
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in 56% and 23% of cases, respectively. Median OS was 18 
months for the entire cohort and the 3-year local control 
rate was 96% (38). Given the findings of this study, several 
conclusions are noteworthy to mention. Firstly, although 
SBRT can result in excellent primary tumor control 
equivalent to rates found in NSCLC series, the associated 
3-year OS of 34% is rather low compared to inoperable 
NSCLC patients. This likely reflects the propensity of 
SCLC to metastasize quickly even when diagnosed at early 
stages of disease, the need for proper clinical staging (only 
19 patients underwent mediastinal sampling), and the 
importance of systemic therapy (46% of recurrences were 
distant). It is unknown why almost half of these patients 
did not receive chemotherapy; however, the receipt of 
chemotherapy was found to improve OS [hazard ratio  
(HR) =0.41; 95% confidence interval (CI), 0.21–0.80; P=0.1] 
and DFS (HR =0.37; 95% CI, 0.17–0.82; P=0.008) (38).  
Therefore, we strongly recommend against exempting stage 
I SCLC patients from first-line chemotherapy if the patient 
can tolerate the treatment. Lastly, tumor size should be 
factored into a clinician’s consideration of SBRT for patients, 
as inoperable disease with tumors measuring ≥2 cm were 
found to have significantly worse outcomes compared to 
smaller tumors (HR =2.8; 95% CI, 1.32–5.94; P=0.008) (38).  
Overall, greater efforts should be made to establish the role 
of SBRT for stage I SCLC as the use of SBRT is on the 
rise, with one NCDB study reporting 6.4% of cT1–2N0 
SCLC patients being treated with SBRT in 2013 compared 
to 0.4% in 2004 (39).  

The role of prophylactic cranial irradiation in 
early stage SCLC

PCI is controversial for stage I SCLC. Historically, PCI was 
investigated in randomized clinical trials for both LS-SCLC 
and ES-SCLC disease given the observation that over 
50% of patients developed metastatic lesions to the brain. 
Aupérin et al. performed a meta-analysis capturing data 
from 7 trials comparing PCI versus none for 987 patients 
(86% LS-SCLC) who underwent complete remission after 
initial therapy. The relative risk of death after PCI was 
0.84, corresponding to a 5.4% survival benefit at 3 years 
(21% vs. 15%). PCI also increased the rate of DFS while 
significantly reducing the cumulative risk of intracranial 
metastasis by 25% (43). Therefore, for LS-SCLC patients 
who undergo a complete or partial response, PCI delivered 
in a preferred dosing of 25 Gy in 10 fractions, is a category 
1 recommendation in current national guidelines (6,44). 

PCI is not without its potentially debilitating sequelae. 
Whole brain radiation therapy for the management of 
any metastatic brain disease can lead to significant chronic 
neurotoxicity including cognitive decline, thereby raising 
concerns with regards to its usage in elderly patients or 
those with poor performance status or active neurological 
deficits (45,46). Recent studies have shown that the risk of 
developing brain metastasis in stage I SCLC is lower than 
for all other stages, ranging from 10–15% (38,47-49). In 
the modern era of advanced imaging, delaying radiation 
to the brain by performing routine surveillance magnetic 
resonance imaging every 3–4 months within the first 2 years 
is an appealing alternative to PCI. One study examining 
factors influencing the utilization of PCI for LS-SCLC 
found that the most common reason for PCI omission was 
patient refusal due to neurotoxicity concerns (38%) (50).  
Hippocampal  sparing PCI to reduce the r isks  of 
neurocognitive impairment after PCI is being investigated 
for patients with LS-SCLC. However, existing data 
in literature to support its use is limited and one small 
prospective study raised concerns of potential risks of 
failures in the spared region of the brain after hippocampal-
sparing PCI (51,52). A retrospective review of 349 
completely resected SCLC patients treated at Shanghai 
Chest Hospital between 2006 and 2014 found that only 
one-third of patients were treated with PCI out of which 
only pathologic stages II and III exhibited a significant 
survival benefit with PCI (53).

Therefore, the benefit of PCI in this subpopulation of 
SCLC remains inconclusive. Instead, a thorough discussion 
between clinicians and patients weighing the therapeutic 
benefits and adverse effects of PCI is advised. Another valid 
consideration is whether the patient has the resources or is 
compliant enough to undergo close surveillance instead of 
PCI. If PCI is recommended, memantine, an N-methyl-D-
aspartate receptor antagonist, should be given concurrently 
as a recent trial demonstrated a significantly prolonged the 
time to cognitive decline after its use (54).

Conclusions

Clinical stage I SCLC represents a unique and small 
population of patients with lung cancer. Although they 
present with optimal tumor characteristics, the aggressive 
nature of their disease makes it essential to continually 
consider all multimodal therapy options, including current 
and evolving ones. Our general treatment recommendations 
when assessing a patient with stage I SCLC are outlined 
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in Figure 1. A multidisciplinary evaluation with pathologic 
mediastinal staging is advised. For surgical candidates, 
complete resection of their disease followed by adjuvant 
chemotherapy is currently considered standard of care. 
In medically operable patients, lack of contemporary 
randomized data in this subpopulation of LS-SCLC 
patients leaves room for improvement on understanding the 
most ideal treatment algorithm. Current national guidelines 
recommend systemic therapy with thoracic radiotherapy if 
feasible. However, the utilization of SBRT as a form of local 
therapy for inoperable patients is on the rise and should 
be further investigated in randomized clinical trials. After 
a thorough review of several institutional SBRT series, 
patients with tumors ≤3 cm are likely ideal candidates 
for SBRT, with consideration of SBRT in patients with 
larger, node-negative tumors in select cases. Regardless 
of chosen local therapy modality, systemic therapy should 
always be considered the backbone of treatment as it 
addresses the tendency of SCLC to metastasize early. The 
benefit of PCI is less clear for stage I SCLC and should 
be offered concurrently with memantine only after a 
thorough discussion with the patient regarding potential 
neurotoxicities. Routine surveillance with serial brain 
imaging is an acceptable alternative to PCI.
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