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Abstract

Small cell lung cancer (SCLC) represents a highly malignant form of lung cancer, characterized by its notable mortality. Re-
cent phase III clinical trials, specifically Impower133 and CASPIAN studies, have resulted in the approval of atezolizumab
and durvalumab in combination with chemotherapy as the first-line therapeutic approach for extensive-stage SCLC. Howev-
er, the observed improvement in median overall survival (OS) from these trials was modest, with an approximate increase
of only 2 months. Furthermore, patients who experience disease progression following first-line therapy face limited treat-
ment options and exhibit poor survival outcomes. We aimed to investigate the potential benefits of individualized treatment
strategies in SCLC by presenting a case study highlighting long-term survival achieved through the application of multiple
lines of therapy. Furthermore, a thorough review of existing literature is conducted to elucidate the role of personalized

treatment approaches in maximizing survival outcomes for patients with SCLC.
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Case Presentation

A 56-year-old male patient presented with a persis-
tent cough and underwent chest computed tomography (C-
T), which revealed the presence a pulmonary mass. Subse-
quent positron emission tomography (PET)-CT scan indi-
cated that the left hilar space was occupied by lung cancer,
accompanied by obstructive inflammation and mediastinal
lymph node metastasis (Figure 1A). Pathologic analysis of
specimens obtained through electronic bronchoscopy biop-
sy confirmed the presence of small cell carcinoma nests infil-
trating the bronchial mucosa in the left upper lung, consis-
tent with small cell carcinoma (Figure 1B). Immunohisto-
chemical staining, including CD56 (++), thyroid transcrip-
tion factor-1 (TTF-1, ++), SCLC, ++), further supported the
diagnosis of SCLC for the observed lesion.

2

The patient then received six cycles of lopressor/-
cisplatin + etoposide (EP) chemotherapy. Follow-up chest
CT conducted on February 27th, 2013, exhibited a signifi-
cant reduction in the size of the left hilar mass and mediasti-
nal lymph nodes, indicating a partial response (PR) to the
treatment (Figure 2). After 3 cycles of chemotherapy by
March 21st, 2013, the patient received concurrent radiation
therapy comprising 25 sessions to target the lung cancer
and enlarged mediastinal lymph nodes, with a cumulative
radiation dose of 50 Gy.. The chemotherapy regimen was
completed by June 2013. Notably, the patient experienced
grade IV myelosuppression during chemotherapy, necessi-
tating supportive treatment to stimulate erythropoiesis,

leukocyte production, and platelet production. As a prophy-

lactic measure, brain irradiation was administered in

September 2013.

Figure 1: Baseline physical examination results of the patient at initial presentation. (A) PET-CT at initial examination indicated a hy-

permetabolic region, marked by a red arrow , which was considered malignant. (B) Pathological examination, HE staining of the puncture

biopsy section showed malignant.
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Figure 2: Treatment effect after one cycle of chemotherapy. The red arrows highlighted a significant reduction in the left hilar mass and medi-

astinal lymph nodes compared to the findings observed on PET-CT on February 6th, 2013 (partial response).

On April 22nd, 2014, a follow-up PET-CT scan re-
vealed a small mass in the left lung, which was determined
to be a stable lesion following radiotherapy. However, a tho-
racoabdominal CT scan with contrast conducted on Octo-
ber 20th, 2014, identified the presence of a left adrenal tu-
mor, indicating disease progression (PD) (Figure 3A).
Consequently, the patient received a cycle of EP chemother-
apy on October 22nd, 2014. Due to a myocardial infarction,
radiotherapy was chosen as an alternative to chemotherapy
for treating the left adrenal metastasis. Subsequent imaging
on March 31st, 2015, demonstrated a significant reduction

in the size of the left adrenal metastasis (Figure 3B).

During a chest CT scan performed on October
16th, 2017, new left supraclavicular lymph node metastasis
was observed (Figure 3C). From October to November
2017, radiotherapy was administered to target the metastat-
ic lymph node foci in the left supraclavicular region. Notab-
ly, a follow-up chest CT on March 13th, 2018, indicated a
notable decrease in the size of the left supraclavicular lymph
node (Figure 3D). A PET-CT scan on August 16th, 2017, re-
vealed periaortic lymph node metastasis (Figure 3E),
prompting the patient to receive radio-wave knife radiother-
apy. Furthermore, abdominal magnetic resonance imaging
(MRI) conducted on September 20th, 2018, unveiled the
presence of multiple round-like shadows in the liver
parenchyma, characterized by slightly prolonged T1 and T2
signals. The larger shadow, measuring 1.3x1.0 cm on limit-
ed diffusion weighted imaging (DWTI), indicated the pres-

ence of multiple intrahepatic foci highly suggestive of metas-
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tasis (Figure 3F). In September and October 2018, the pa-
tient underwent hepatic artery perfusion chemoemboliza-
tions twice in the interventional unit, involving the adminis-
tration of lopressor (20mg) and epirubicin hydrochloride
(40mg).

A PET-CT scan conducted on December 18th,
2018, revealed increased size and metabolic activity in the
right parietal, left parietal, and left parietal iliac vessel
lymph nodes near the abdominal aorta (Figure 4A). The pa-
tient received four cycles of nivolumab immunotherapy be-
tween January and February 2019. Subsequent PET-CT
imaging performed in June 2019 indicated a reduction in le-
sion size and decreased metabolic activity (Figure 4B).CT
with contrast on December 11", 2019 showed the enlarged
lymph nodes around the hepatic hilum and anterior to the
right renal vein and significantly enhancing soft tissue nod-
ules under the right renal hilum, encompassing the right up-
per ureter, leading to dilated right hydronephrosis. These
nodules were considered metastatic. Additional findings in-
cluded stenosis of the superior branch vein of the right pos-
terior lobe of the liver and uneven perfusion in the right
lobe of the liver. The adrenal nodules, which were larger
than before, were also considered to be metastases (Figure
5A, B). Subsequentially, oral anlotinib was initiated on Jan-
uary 17", 2020. A follow-up abdominal CT on March 3rd,
2020 showed that the lesion under the right renal hilum de-
creased in size compared to previous scans, and the lymph
nodes around the hilum showed no significant changes (Fig-
ures 5C, D).
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Figure 3: The patient benefited from local treatment. (A) The patient's upper abdominal enhancement CT on October 20th, 2014 revealed a
new mass in the left adrenal gland, indicated by the arrow, which was considered to be a tumor recurrence. (B) After local radiotherapy, the
left adrenal mass significantly reduced in size compared to before radiotherapy. (C) A repeat chest CT on October 16th, 2017 revealed an en-
largement of a new metastatic lymph node on the left supraclavicular side. (D) The left supraclavicular lymph node was significantly smaller
than before. (E) Increased metabolism of the periaortic lymph node, which was considered malignant. (F) Long T2 signal indicated by the ar-

row, suggested multiple metastases in the liver.

Figure 4: The patient benefited from the immunotherapy. (A) PET-CT showed that the right parietal, left parietal, and left parietal iliac ves-
sels lymph nodes of the abdominal aorta were larger than before, and the metabolism was increased as indicated by the arrows. (B) The

metabolism of the left parietal abdominal aortic lymph nodes was lower than before after PD1 treatment, as indicated by the arrow
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Figure 5: Targeted anti-vascular treatment benefited the patient. (A, B) Abdominal CT showed enlarged lymph nodes around the hepatopor-

tal and in front of the right renal vein; soft tissue nodules under the right renal portal with significant enhancement. These nodules encircled

the right upper ureter, resulting in dilated right hydronephrosis, which newly occurred. (C, D) The right subglottic lesion indicated by arrows

was smaller than before, and the periportal lymph nodes were stable

Abdominal CT on May 28", 2021 revealed that the
left adrenal metastases increased compared to previous
scans and were classified as PD (Figure 6A). Immunothera-
py with durvalumab started in June 2021 every 3 weeks. The
patient also underwent 6 cycles of EP chemotherapy every

4-5 weeks. After chemotherapy, the patient developed grade

IV myelosuppression. However, this condition improved
with leukocyte boosting therapy, and no significant gastroin-
testinal side effects were observed. After completing the 6 cy-
cles of chemotherapy, the patient received immunotherapy
with single- agent durvalumab. Stable disease was assessed

by intermittent review during chemotherapy (Figure 6B).

Figure 6: Immune rechallenge stage. (A) The metastases in both adrenal glands were larger than before, with the right side being particularly

obvious, as indicated by the arrow. The mass also showed uneven enhancement. (B) The left adrenal mass was stable after immunotherapy.
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Discussion

Small cell lung cancer is a group of highly aggres-
sive neuroendocrine carcinomas that are poorly differentiat-
ed and account for about 15% of all lung cancers. Radiother-
apy is the primary treatment majority for extensive-stage
SCLC cases. According to the International Association for
the Study of Lung Cancer, the 2-year overall survival (OS)
rates of patients with stage I, II, III, and IV SCLC are ap-
proximately 73%, 54%, 23% and 8%, respectively [1]. A
Spanish study [2] reported that approximately 20% of SCLC
patients had brain metastases at diagnosis, and 96.7% of
SCLC patients had metastatic lesions. The median OS was
approximately 9.5 months, with 1- and 2-year survival rates
of 38.9% and 14.8%, respectively. The combination of etopo-
side with platinum and topotecan has been the standard
first- and second-line treatment for SCLC for over 3 de-
cades. However, recent advancements have introduced im-
munotherapy, small molecule anti-angiogenic drugs, and
new chemotherapeutic agents as first-line treatment options
for SCLC.

Oligometastasis was first proposed by Hellman et
al. in 1995. The metastasis of malignant tumors gradually
evolves from local to systemic lesions, and oligometastasis
represents a transitional stage with weak invasiveness, limit-
ed number of metastases and metastatic lesions, and speci-
ficity of metastatic organs. It does not have the tendency of
systemic dissemination [3]. The majority of clinical studies
define oligometastases as involving less than three metastat-
ic organs and fewer than five metastatic foci. Oligometastas-
es are further categorized into new oligometastatic disease
and recurrent oligometastatic disease [5]. Concurrent oli-
gometastasis is defined as a maximum interval of six
months between the diagnosis of oligometastasis and the
primary cancer, while heterochronous oligometastasis is
defined as over an interval of six month between the diagno-
sis of oligometastasis and the primary cancer. Several previ-
ous studies have reported the benefit of local radiotherapy
in progression-free survival (PFS) and OS with for patients
with oligometastases. In the prospective phase II SABR--
COMET? study, 99 patients with 1 to 5 oligometastases and
unrestricted primary tumor types were enrolled. The study
showed an improvement in PFS from 5.4 to 11.6 months

and OS from 28 to 50 months. Local radiotherapy of the
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lymph nodes and adrenal glands was administered multiple
times throughout the treatment for oligometastases, result-
ing in control of patient tumors and a survival benefit con-
sistent with previous studies. Local radical treatment of pa-
tients with oligometastatic disease not only removes the le-
sions but also activates the body's anti-cancer immune re-
sponse, producing more and stronger tumor-specific T lym-

phocytes [4-6].

Results of a meta-analysis [7] showed that the over-
all response rate of chemotherapy combined with im-
munotherapy in SCLC ranged from 33% to 68%, while the
disease control rate was about 70% to 88%. Pembrolizumab,
nivolumab, atezolizumab, and durvalumab have all been
used as first-line treatment regimens, with studies indicat-
ing no significant differences [8]. The IFCT-1603, a phase II
clinical trial, evaluated the efficacy of atezolizumab as se-
cond-line treatment of relapsed SCLC, demonstrated no sur-
vival benefit when compared to chemotherapy alone [9].
Rudin et al. [10] proposed the classification of SCLC in
2019 into four molecular subtypes based on gene mutations:
achaete-scute homologue 1 (ASCL1), neurogenic differentia-
tion factor 1 (NEUROD1), yes-associated protein 1 (YAP1)
and POU class 2 homeobox 3 (POU2F3). The subtypes
were labled SCLC-A, SCLC-N, SCLC-Y and SCLC-P, respec-
tively, with SCLC-A being the most prevalent. Gay et al.
found a type of SCLC that expressed the YAPI protein,
lacked ASCL1, NEURODI1 and POU2F3 gene mutations,
and expressed multiple immune checkpoints, namely
CD274 (PD-L1), PDCD1 (PD-1), and CTLA-4 along with
their receptors. Therefore, this type of SCLC is referred to
as SCLC-inflammatory (SCLC-I); SCLC-I tumors have high
expression of CD8A and CD8B and a higher number of im-
mune cell infiltrates surrounding the tumor. When Gay et
al. [11] performed a subtype analysis of the population en-
rolled in IMpowerl33, they found that the SCLC-I popula-
tion in the atezolizumab combination chemotherapy group
had improved OS, suggesting that SCLC-I subtypes may
have a greater chance of benefiting from treatment with im-

mune checkpoint inhibitors (ICIs).

The CheckMate 331 study [12] suggested that se-
cond-line use of nivolumab did not improve OS in patients
with relapsing SCLC. However, in the Chinese cohort, the

median OS of patients in the nivolumab and chemotherapy
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groups was 11.5 and 7.0 months, respectively [hazard ratio
(HR) = 0.70, 95% confidence interval (CI) 0.42-1.17, P =
0.03, and nivolumab reduced the risk of death by 30%. Fur-
ther subgroup analysis of the Chinese cohort showed that
both extensive- and limited-stage SCLC patients benefited
from nivolumab treatment, whether it was used in the plat-
inum-sensitive group, platinum-resistant group, or in differ-
ent PD-L1 subgroups at baseline. In the global cohort, the
objective response rates (ORRs) were 13.7% and 16.5% for
nivolumab and chemotherapy, respectively, indicating that
nivolumab was less efficient than chemotherapy. However,
in the Chinese cohort, the efficiency of nivolumab was signi-
ficantly better than that of chemotherapy, with ORRs of
20.6% and 4.7%, respectively. This disparity in data between
the global and Chinese cohorts suggests that the efficacy of
nivolumab may vary among different ethnic groups. Based
on these findings, we gave patients second-line nivolumab
monotherapy, resulting a prolonged PFS of 10 months and
improvement in their quality of life. Once the immune sys-
tem is activated and begins to attack tumor cells, this attack
often lasts for a long time, and may even continue to take ef-
fect after discontinuing the medication. This is also an im-
portant reason why nivolumab can prolong the survival of

patients. Once again, verify the persistence of immunothera-

py-

SCLC is a highly vascularized tumor, and studies
have demonstrated that the small molecule, multi-targeted
anti-angiogenic drug anlotinib significantly improves PFS
and OS in third- or above-line SCLC patients. This establish-
es anlotinib as the standard of care for post-line SCLC treat-
ment. Anlotinib exerts a synergistic effect on tumors by mo-
dulating the tumor immune microenvironment and angio-
genesis. The combination of anlotinib with sintilimab, used
as third-line treatment, resulted in 15 months of PFS. This
was much longer than the effect of anlotinib alone as third--
line treatment. This may be related to the fact that anlotinib

inhibits tumor angiogenesis, reduces hypoxia and acidifica-
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tion within the tumor, improves the tumor microenviron-
ment, thereby reducing the production of immunosuppres-
sive factors and increasing immune cell infiltration and ac-

tivity within the tumor.

Compared with PD-1 inhibitors, PD-L1 inhibitors
bind to PD-L1 on both tumor cells and antigen-presenting
cells. This leads to a stronger overall immune and restora-
tion of T-cell-mediated anti-tumor immunity. PD-L1 inhibi-
tors block the binding of PD-L1 on tumor cells to B7-1 on T
cells, which helps in the full activation of T cells. In addi-
tion, inhibiting the binding of B7-1 molecules on dendritic
cells to their highly expressed PD-L1 makes it difficult to
bind CD28 to initiate immune activation. This reduces the
self-inhibition of dendritic cells and further enhances the an-
ti-tumor immune response. It is worth mentioning that PD-
L1 inhibitors do not interfere with the normal function of
PD-L2. PD-L1 monoclonal antibodies block the binding of
PD-L1 and PD-1, thereby preserving the function of PD-L2
in macrophages. This helps in avoiding side effects such as
interstitial lung disease[13]. Given the long-term benefits of
ICIs and the fact that the PD-1 and PD-L1 mechanisms are
not exactly the same, PD-L1 inhibitors are associated with
significantly fewer adverse effects. In this case, the patient
was given durvalumab immune re-challenge, which led to

another successful long period of PES.

SCLC is highly aggressive, with a poor prognosis
and short survival period. Therefore, accurately defining the
pathological type and determining the tumor stage are cru-
cial for effective management of SCLC. Chemotherapy com-
bined with immunotherapy is the treatment option for ES-S-
CLC. However, for patients with relapsed progressive dis-
ease, there is a need for further evidence-based studies to
establish maintenance treatment regimens following stan-
dard therapy. We anticipate the results of ongoing clinical
studies involving novel immunotherapeutic agents and mul-

ti-drug combinations.
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