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The global COVID-19 pandemic has disrupted healthcare delivery, particularly for patients

with advanced lung cancer. While certain aspects of care can be safely omitted or

delayed, systemic therapy plays an important role in survival and quality of life for

patients with advanced lung cancer; limiting access to systemic therapy will compromise

cancer-related outcomes. This can be at odds with strategies to mitigate risk of

COVID-19 exposure, which include reducing hospital and clinic visits. One important

strategy is implementation of oral cancer therapies. Many standard regimens require

intravenous infusions but there are specific circumstances where an oral agent could

be an acceptable alternative. Integrating oral therapeutics can permit patients to

receive effective systemic treatment without the exposure risks associated with frequent

infusions. Here, we review currently available oral cytotoxic agents with a potential role

in the treatment of lung cancer.
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INTRODUCTION

The global pandemic of the novel severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
or coronavirus disease (COVID-19), has influenced every aspect of health care, particularly for
patients with cancer. Early reports suggest that patients with cancer, particularly lung cancer, may
be at higher risk for contracting COVID-19 (1, 2). An analysis of patients with cancer treated at
the Zhongnan Hospital in Wuhan, China revealed a higher COVID-10 infection rate than the
general Wuhan population (0.79 vs. 0.37%) (3). The majority of COVID-19 infected patients
from that cancer center, however, were not receiving any active therapy, suggesting a possible
risk was simply exposure to the cancer center itself. Efforts to reduce the risk of COVID-19
exposure have led to a reshaping of cancer care delivery, largely focused on reducing hospital
and clinic visits with the use of telemedicine (4). A complementary strategy for patients with
advanced cancer requiring systemic therapy is the use of oral therapeutics in lieu of intravenous
agents. While not always possible, when a suitable oral equivalent is available, its use can reduce
clinic visit frequency and potentially COVID-19 exposure. For patients with alterations in driver
oncogenes, use of oral tyrosine kinase inhibitors is already standard practice (5). For patients
without actionable driver alterations, oral treatment options are less readily available, but there
are several oral cytotoxic agents (Table 1) which can easily be implemented in an effort to reduce
the risk of exposures in the wake of the COVID-19 pandemic. In this review, we will summarize
the data for oral chemotherapeutics in lung cancer and discuss the utility of these agents in the
outpatient management of advanced disease.
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TABLE 1 | Available formulations of oral chemotherapeutics.

Agent Trade name Capsule dosage strength

Etoposide VePesid® Capsules: 50mg (6)

Topotecan Hycamptin® Capsules: 0.5, 1mg (7)

Temozolomide Temodar® Capsules: 5, 20, 100, 140, 180,

250mg (8)

Vinorelbine Navelbine® Capsules: 20, 30mg (9)

Tegafur/gimeracil/oteracil

(S-1)

Teysuno® Capsules: 15 mg/4.35 mg/11.8mg

(10)

Capecitabine Xeloda® Tablets: 150, 500mg (11)

Etoposide
Etoposide, a cytotoxic agent that inhibits topoisomerase II, is
widely used across tumor types. The combination of platinum
and etoposide chemotherapy has been the front-line therapy
for the treatment of small cell lung cancer (SCLC) for decades.
While the addition of anti-PD-L1 antibodies (atezolizumab,
durvalumab) to first-line therapy has improved survival, the
platinum plus etoposide backbone remains central to the
treatment of this disease (12, 13). Platinum agents (and the
anti-PD-L1 antibodies) are delivered intravenously (IV), but
etoposide is available in both IV and oral formulations. A
prospective phase II trial randomized 83 patients with SCLC to
a standard IV regimen (cisplatin 100 mg/m2 IV on day 1 plus
etoposide 120 mg/m2 IV days 1–3) or a hybrid IV and oral
regimen (cisplatin 100 mg/m2 IV on day 1, etoposide 120 mg/m2

IV on day 1 and etoposide 240 mg/m2 orally on days 2 and 3),
both in 28-day cycles (14). There was no significant difference in
overall response rate (RR) between the oral and IV regimens (50
vs. 59%, p = 0.438). PFS and OS were also comparable in both
treatment arms. Most toxicities, including grade 3–4 hematologic
toxicity, alopecia, nausea, vomiting, and diarrhea were similar in
both groups. Infectious episodes, moderate to severe anemia, and
weight loss occurred more frequently with the IV regimen. Other
trials with different dosing schedules for oral etoposide, including
5- or 21-day regimens, also provided comparable outcomes to IV
regimens (15, 16).

The cisplatin plus etoposide IV-oral hybrid regimen was
also used as a standard arm in several other SCLC clinical
trials and performed well. A large (n = 436) randomized
trial showed superiority of platinum plus etoposide over
CEV (cyclophosphamide, epirubicin, and vincristine) (17). The
standard arm utilized oral etoposide (cisplatin 75 mg/m2 on
day 1, etoposide 100 mg/m2 IV on day 1 and etoposide 200
mg/m2 orally on days 2–4 every 3 weeks) and included 214
patients with limited stage (LS)-SCLC (who received concurrent
thoracic radiation therapy). Median survival was longer with
platinum plus etoposide (14.5 months) compared to CEV
(9.7 months) among patients with LS-SCLC (p = 0.001). For
patients with extensive stage (ES)-SCLC, survival was equivalent
between the two arms. While the chemo-immunotherapy
regimens employing atezolizumab and durvalumab, studied
in IMpower133 and CASPIAN, respectively, only used IV
etoposide, extrapolation to a hybrid IV-oral regimen could be a

reasonable option to reduce infusion center visits and potential
COVID-19 exposure (12, 13).

Data exploring use of oral etoposide in non-small cell lung
cancer (NSCLC) is sparse, primarily consisting of early phase
studies done in the 1990s prior to the development of modern
platinum-doublet regimens. In phase II trials in treatment-naïve
advanced NSCLC, oral etoposide monotherapy at a dose of 50
mg/m2 for 21 days every 4 weeks offered a RR of 7% to 26%
(18–20). Based on the advantages reported in SCLC, the efficacy
of combination therapies with oral etoposide and IV platinum
agents was evaluated but these combinations offered modest
outcomes and were replaced by more modern chemotherapy
doublets (21). While a viable option for clinical use in SCLC,
there is a limited role for oral etoposide in patients with NSCLC.

Topotecan
The topoisomerase I inhibitor topotecan is the current standard
of care, and the only FDA-approved therapy, for patients with
relapsed SCLC. It is available in oral formulations that provide
comparable efficacy and toxicity to the IV form. A randomized
phase II trial enrolled 106 patients with relapsed SCLC and
randomized them to topotecan orally at 2.3 mg/m2/day or
topotecan IV at 1.5 mg/m2/day, both for 5 days in 21-day
cycles (22). The RR was comparable between oral and IV
formulations (23 and 15%, respectively) with similar durations of
response (18 and 14 weeks). Both regimens improved symptoms.
Median OS was 32 weeks with oral topotecan and 25 weeks
with IV topotecan. Grade 3–4 thrombocytopenia and anemia
were similar between the two arms, though grade 4 neutropenia
was less common with oral topotecan (35.3%) compared to IV
topotecan (67.3%).

A phase III trial confirmed the activity of oral topotecan
in SCLC. Patients with SCLC (n = 309) who had relapsed
after an initial response to platinum-based chemotherapy were
randomized to topotecan orally at 2.3 mg/m2/day or topotecan
IV at 1.5 mg/m2/day on days 1–5 in 21-day cycles (23). The
RR was 18% with oral and 22% with IV topotecan. Median
time to progression (TTP) was similar between oral and IV
formulations (12 and 14.6 weeks) as was median OS (33 and 35
weeks, respectively). Similar to the phase II study, toxicity was
similar in the two arms, though grade 4 neutropenia was more
common with IV topotecan (64.2%) than oral topotecan (47%)
and grade 4 thrombocytopenia was more common with the oral
regimen (28.7 vs. 18%). A phase I study explored weekly dosing of
oral topotecan, starting at 3 mg/m2 on days 1, 8, and 15 in 28-day
cycles and escalating by 0.5 mg/m2 (24). The maximum tolerated
dose was 4 mg/m2 with this weekly regimen. At that dose level,
grade 3–4 neutropenia and anemia were seen in 7.1% of patients,
and there was no grade 3 or higher thrombocytopenia. Larger
studies using this approach are lacking.

Though not approved, there is also evidence showing activity
of oral topotecan in NSCLC. A phase II trial of oral topotecan
2.3 mg/m2/day on days 1–5 every 21 days was completed in
30 patients with previously untreated advanced NSCLC (25).
No responses were observed, though 13 patients achieved stable
disease and the median TTP was 12.3 weeks. Median OS was
39.9 weeks with a 1-year survival rate of 33.3%. Grade 3–4
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neutropenia was noted in 40% of patients. This led to a phase
III randomized trial comparing oral topotecan 2.3 mg/m2/day
(given for 5 consecutive days) with standard IV docetaxel 75
mg/m2, both in 21-day cycles (26). This non-inferiority trial
included 829 patients with previously treated NSCLC. The 1-
year survival rate was 25.1% with oral topotecan vs. 28.7% with
docetaxel, meeting the defined endpoint of non-inferiority of
oral topotecan to docetaxel. RR was low (5%) in both groups
with a median TTP of 11.3 weeks with topotecan and 13.1
weeks with docetaxel. The median OS was 27.9 weeks with
topotecan and 30.7 weeks with docetaxel (p= 0.57). Hematologic
toxicities were similar to other trials, with grade 3–4 anemia and
thrombocytopenia noted in 26% of patients receiving topotecan.

Alternate dosing schedules have also been explored in NSCLC
with similar results. A phase II study randomized 80 patients
with NSCLC to second line oral topotecan at 2–2.5mg daily
(fixed dose) for 5 of 7 days given 2 of 3 weeks or standard
IV docetaxel 75 mg/m2 every 21 days (27). Outcomes were
comparable between the two arms. The RR with oral topotecan
was 8% with a median TTP of 1.6 months, a median OS of
8.4 months and a 1-year survival rate of 36%. Topotecan was
associated with grade 3–4 neutropenia (18%), anemia (13%), and
thrombocytopenia (24%).

Overall, studies support equivalent efficacy and similar
toxicity for oral vs. IV topotecan as 2nd line therapy for patients
with relapsed SCLC. Oral topotecan is approved and available
for use in this indication. It has limited efficacy in NSCLC but is
an orally bioavailable option which may be appealing in specific
clinical circumstances.

Temozolomide
Temozolomide (TMZ) is an orally bioavailable alkylating agent
that is FDA-approved for the treatment of patients with
glioblastoma multiforme. TMZ has shown modest activity in
the treatment of lung cancer. Continuous low dose TMZ was
studied in two single-arm phase II trials for patients with
previously treated NSCLC. A trial of 47 patients explored TMZ
given at a dose of 75 mg/m2/day for 6 out of 8 weeks (28).
The ORR was 8% in 38 evaluable patients, with an additional
32% of patients achieving stable disease. Median event free
survival was 49 days and median OS was 8.1 months with a
projected 1-year survival rate of 30%. The dosing regimen was
relatively well-tolerated, though 3 patients developed prolonged
thrombocytopenia. Another trial of 31 patients with relapsed
NSCLC utilized TMZ 75 mg/m2/day given 21 out of 28 days
(29). In this study, the RR was only 6.5% though another 10% of
patients achieved stable disease. Median TTPwas 2.4 months and
median OS was 3.3 months with a 1-year survival rate of 22.5%.
There was one toxic death related to neutropenia, but the regimen
was otherwise well-tolerated. An alternate dosing regimen was
explored in a 25-patient study that included 12 patients with
brain metastases and 13 patients without brain metastases (30).
Patients received TMZ 200 mg/m2/day for 5 days in 28-day
cycles. Grade 3–4 toxicities were primarily hematologic though
nausea and lethargy were also observed (15–17%). No responses
were seen with this regimen.

TMZ plays a more prominent potential role in the
management of relapsed SCLC. A phase II study of TMZ 75
mg/m2/day for 21 out of 28 days included 64 patients with
previously treated SCLC: 48 with platinum-sensitive relapse and
16 with platinum-refractory relapse (31). Sensitive disease was
defined as relapse ≥ 60 days after platinum chemotherapy,
whereas refractory disease was defined as progression within 60
days of initial therapy. In patients with sensitive disease, the RR
was 23% and in patients with refractory disease, the RR was 13%.
In patients with measurable brain metastases, the intracranial
response rate was 38% and brain response was found to correlate
with systemic response. The median duration of response was 3.5
months; themedianOSwas 5.8months. Toxicities were generally
mild, but grade 3–4 adverse events included thrombocytopenia
(9%) and neutropenia (5%). The pulse dose regimen of TMZ
200 mg/m2/day on days 1–5 in 28-day cycles was also explored
in patients with relapsed SCLC (32). This single arm phase II
trial included 25 patients with previously treated SCLC (16 with
platinum-sensitive relapse and 9 with refractory relapse). The
RR was 12%; responses were observed in both sensitive and
refractory relapse. The median TTP was 1.8 months and median
OS was 5.8 months. Grade 3–4 thrombocytopenia was noted in
16% of patients (median duration 12 days), though cytopenias
were reversible and did not limit further therapy. Although not
FDA approved for the treatment of SCLC, temozolomide is a
reasonable salvage option for patients with relapsed SCLC but has
more modest activity in patients with relapsed NSCLC.

Vinorelbine
Vinorelbine is a vinca alkaloid that inhibits microtubule
polymerization (9). It is available in both parenteral and oral
formulations, though efficacy seems greater with IV delivery. A
phase II trial randomized 189 patients with advanced, treatment-
naïve NSCLC in 2:1 fashion to receive oral vinorelbine 60
mg/m2 weekly (with potential escalation to 70 mg/m2 if well-
tolerated) or standard IV vinorelbine 30 mg/m2 weekly (33).
RR, the primary endpoint, favored the IV arm (13% with IV
vinorelbine compared to 4% with oral). TTP was 23.9 weeks with
IV vinorelbine and 16.6 weeks with oral vinorelbine. Survival also
favored IV delivery with a median OS of 38.6 months in the IV
vinorelbine arm vs. 30.3 months in the oral vinorelbine arm. In
patients with a good performance status (Karnofsky Performance
Status 80–100), outcomes were comparable with a median OS
of 38.6 months with IV and 35.6 months with oral. As salvage
therapy for NSCLC, oral vinorelbine has limited efficacy. A phase
II study explored oral vinorelbine 60 mg/m2 once weekly in
20 patients with previously treated NSCLC (34). Though well-
tolerated, there were no objective responses and the median time
to progression was limited to 2 months.

While IV vinorelbine remains the standard, the schedule and
tolerability are of concern for some patients. This led to the
exploration of oral vinorelbine in special patient populations,
where modest efficacy was observed. A single-arm study
explored metronomic dosing of oral vinorelbine in 50 patients
with advanced NSCLC who were not candidates for standard
chemotherapy due to age, performance status, or comorbidities
(35). Vinorelbine was given orally at a fixed dose of 30mg three
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times a week. The RR was 8% with a median PFS of 2.7 months
and a median OS of 7.3 months. Grade 3 adverse events were
seen in 11% of patients (anemia, neutropenia, asthenia) with
no grade 4 toxicity. In elderly patients, oral vinorelbine was
relatively well-tolerated. A phase II study of oral vinorelbine 60
mg/m2 once weekly (with escalation to 80 mg/m2 weekly if well-
tolerated) included 56 patients over age 70 with chemotherapy-
naïve, advanced NSCLC (36). While grade 4 neutropenia was
observed in 30% of patients, neutropenic fever was only seen in
1 patient. The RR was 11% with a median OS of 8.2 months.
Another phase II trial included 43 elderly patients (age 70 or
greater) with a poor performance status (Eastern Cooperative
Oncology Group Performance Status 2–3) and advanced NSCLC
(37). Oral vinorelbine was given at a dose of 60 mg/m2 on
days 1–8 in 21-day cycles. The schedule was safe with only 1
case of grade 3 neutropenia (which spontaneously recovered)
and no febrile neutropenia. There were no other grade 3 or
higher adverse events. The RR was 18.6% with a median time
to progression of 4 months. Median OS was 8 months with a 1-
year survival rate of 37.2%. A more modern study randomized
165 patients with advanced NSCLC who were unfit for platinum-
based chemotherapy to receive metronomic oral vinorelbine
(50mg fixed dose three times per week) or oral vinorelbine
given 60 mg/m2 weekly (with escalation to 80 mg/m2) (38). The
metronomic regimen was better tolerated with fewer adverse
events including lower rates of neutropenia (11 vs. 52%) and
febrile neutropenia (3.6 vs. 6.2%) with higher relative dose
intensity (85 vs. 69%). Median PFS was comparable (4.3 months
with metronomic vs. 3.9 months with weekly) as was median OS
(7.1 and 7.6 months, respectively). The primary endpoint of PFS
without grade 4 toxicity did favor the metronomic schedule.

A hybrid approach with IV and oral vinorelbine has been
explored in combination with platinum therapy. A single-arm
study described this approach in the adjuvant setting; 74 patients
with completely resected stage IB-IIIA NSCLC suitable for
chemotherapy received up to 4 cycles of IV carboplatin AUC
5 on day 1 with vinorelbine 25 mg/m2 IV on day 1 and 60
mg/m2 orally on day 8 in 21-day cycles (39). While the lack of a
comparator arm makes interpretation challenging, dose delivery
was high with 83.7% of patients completing all 4 planned cycles.
The median disease-specific survival was 7.63 years, median OS
was 5.9 years and the 5-year survival rate was 56.2%.

There is also activity with oral vinorelbine in patients with
locally advanced NSCLC, though there is a lack of randomized
data. A phase II trial combined oral vinorelbine with IV cisplatin
in 54 patients with stage III NSCLC undergoing definitive
radiation therapy (40). Patients received two cycles of induction
therapy with IV cisplatin 80 mg/m2 on day 1 and oral vinorelbine
60 mg/m2 on days 1 and 8 (with escalation to 80 mg/m2 if well-
tolerated) every 3 weeks. In the absence of progression, patients
then received two additional cycles of cisplatin 80 mg/m2 on
day 1 with oral vinorelbine 40 mg/m2 on days 1 and 8 every
3 weeks concurrently with radiotherapy (66Gy in 6.5 weeks).
Dose intensity was high for both vinorelbine and cisplatin in
induction (86 and 93%) and during chemoradiation (97 and
98%). Grade 3–4 neutropenia was observed in 28% of patients
with febrile neutropenia in 7% and grade 3 nausea in 11%. The

RR was 54% with a median PFS of 12.5 months and a median
OS of 23.4 months. The hybrid regimen was also explored in
the neoadjuvant setting (41). In 58 patients with treatment-
naïve, unresectable stage III NSCLC, cisplatin 60 mg/m2 was
given on day 1 with weekly oral vinorelbine 50 mg/m2 for two
cycles concurrently with radiation (66–70Gy for 6.5–7 weeks)
followed by either surgery (if a candidate) or consolidation
cisplatin plus IV vinorelbine (with the option for surgery if
then a candidate). After chemoradiation, the RR was 53.4%,
the median PFS was 6.7 months and the median OS was 24.8
months. Overall, 29.3% of patients were downstaged and able to
proceed to surgical resection with 7 patients achieving pathologic
complete remission. Grade 3–4 neutropenia was seen in 11% of
patients with only 1 case of febrile neutropenia.

The hybrid approach of combining oral vinorelbine with IV
platinum appears comparable to other platinum doublets (42–
44), but the use of oral vinorelbine is appealing to patients. A
randomized cross-over trial included 61 patients with treatment-
naïve, incurable NSCLC (45). Patients received 6 cycles of IV
carboplatin AUC 5 plus vinorelbine on days 1 and 8 in 21-day
cycles. Vinorelbine was given either IV 30 mg/m2 or orally 60
mg/m2. Patients were randomized to receive IV vinorelbine for
cycles 1 and 2 then oral vinorelbine for cycles 3 and 4 or oral
vinorelbine first followed by IV vinorelbine. Patients could then
choose IV or oral vinorelbine for cycles 5 and 6. When given the
option, after having received both IV and oral vinorelbine, 74%
of patients preferred oral vinorelbine. There was no significant
difference between the two strategies in RR; the overall RR was
23% with a median OS of 11.4 months. Apart from grade 3–4
leukopenia, which was more common with IV vinorelbine (52
vs. 10%), toxicities were comparable with the two approaches.
When IV vinorelbine is indicated, oral vinorelbine may be a
consideration, particularly as part of a hybrid regimen, but its role
in the modern management of advanced NSCLC is limited.

S-1
S-1 (tegafur/gimeracil/oteracil) is an oral fluoropyrimidine
chemotherapeutic that consists of a 5-fluorouracil (5-FU)
prodrug (tegafur), a dihydropyrimidine dehydrogenase inhibitor
(gimeracil), and an orotate phosphoribosyltransferase inhibitor
(oteracil) in a molar ratio of 1:0.4:1. Gimeracil prevents
the degradation of active 5-FU, thereby enhancing systemic
concentration of the active agent, and oteracil limits activation
of 5-FU in the gastrointestinal tract, thereby mitigating mucosal
damage and limiting side effects such as diarrhea and stomatitis.
The bulk of data supporting the efficacy of S-1 in advanced
NSCLC comes from Japan, where platinum plus S-1 combination
chemotherapy is an approved first-line regimen for the treatment
of advanced NSCLC (46). Data in support of this regimen comes
from two phase III Japanese trials that demonstrated the non-
inferiority of platinum plus S-1 compared to platinum plus
taxane (47, 48).

S-1 is also approved as monotherapy in Japan, where it
carries a recommendation for second- or further-line treatment
in patients with advanced NSCLC and a performance status
of 0–2 (46). Data supporting this regimen comes from
the East Asia S-1 Trial, a phase III non-inferiority study
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conducted at 84 medical centers in China, Japan, Hong Kong,
Singapore, and Taiwan (49). In this study, 1,154 patients
with advanced NSCLC who had progressed on ≤ 2 lines of
systemic chemotherapy including ≥1 platinum-based regimen,
were randomized to treatment with docetaxel 75 mg/m2 every
3 weeks or S-1 80–120mg (dosed by body surface area)
twice per day on days 1–28 of a 6-week cycle. The ORR
for S-1 and docetaxel were 8.3 and 9.9%, respectively. S-
1 demonstrated non-inferiority to docetaxel with a median
overall survival (OS) of 12.75 months compared to 12.52
months (HR 0.945; 95% CI, 0.833–1.073), respectively. Similar
efficacy was observed regardless of gender, ethnicity, EGFR
mutation status, or histology. In addition, patients randomized
to the S-1 arm had significantly better global health quality
of life scores compared to those randomized to docetaxel,
with improvement in scores assessing chest pain, dyspnea,
peripheral neuropathy, and alopecia. S-1 also demonstrated an
encouraging toxicity profile; grade 3–4 toxicities were rare with
decreased appetite (6.5%), diarrhea (6.3%), and neutropenia
(5.4%) observed most frequently. Grade 3–4 toxicities were
much more common in the docetaxel arm, the most common
being neutropenia (47.7%), leukopenia (29.1%), and febrile
neutropenia (13.4%). Multiple phase II single-arm Japanese
studies have also demonstrated encouraging efficacy of S-1 as
monotherapy in treatment-naïve elderly patients with advanced
NSCLC, a population that frequently cannot tolerate platinum-
doublet chemotherapy. Studies have shown ORR of 7.9 to 27.6%
and median OS of 7.5 to 17.0 months in this population (50–
53). The variation in these metrics is likely attributable to
small sample sizes and variable dosing schemes employed in
these trials.

The data on outcomes with S-1 in Western populations
are far less robust. The largest published trial to date of S-
1 monotherapy in the United States is a phase II single-arm
multicenter study in which 57 patients with advanced NSCLC
who had progressed after platinum-doublet chemotherapy were
treated with S-1 30 mg/m2 twice per day on days 1–14 of a
21 day cycle (54). ORR was 7.1% with a median OS of 7.3
months. Gastrointestinal (GI) toxicities were frequently observed
with any-grade nausea (54%), diarrhea (49%), fatigue (40%),
and vomiting (39%) as the most common; 21% of patients
experienced grade ≥3 diarrhea. This side-effect profile stands in
stark contrast to that observed in Japanese patients, who had far
less severe GI toxicity. One proposed reason for this difference
is the variation in CYP2A6 gene polymorphisms (responsible for
tegafur metabolism) among Japanese and Caucasian individuals,
which may also play a role in the discrepancy in efficacy reported
in these populations (55). Variation in the prevalence of now
actionable EGFR driver mutations and the known differences
in disease biology may also have factored into the efficacy
discrepancy between populations.

Taken together, multiple studies support the use of S-1
as treatment in the subsequent line setting for East Asian
populations with advanced NSCLC. Relative benefits of this
regimen include convenience and an improved toxicity profile
compared to other salvage chemotherapies such as docetaxel.
However, there is limited data to support the use of S-1 in

Western nations. Furthermore, S-1 lacks FDA approvals in any
malignancy, limiting its applicability in the United States.

Capecitabine
Capecitabine is an oral prodrug that is metabolized to 5-FU
through a 3-step enzymatic process, the final step of which
utilizes the enzyme thymidine phosphorylase (TP), which is
preferentially expressed in some tumor tissues (56). Capecitabine
is FDA-approved for the treatment of colorectal and breast cancer
and is active against a host of other cancers, primarily those of
GI origin (57). However, capecitabine monotherapy has not been
studied extensively in NSCLC. There are no published reports or
trials of single-agent capecitabine in advanced NSCLC outside of
a case report detailing a patient with NSCLC metastatic to brain
with leptomeningeal carcinomatosis with complete response to
capecitabine following cranial radiotherapy (58).

In Korea, capecitabine has been studied with IV irinotecan
in NSCLC, demonstrating an ORR of 11.4% with median OS
of 7.4 months in a phase II trial of 37 patients with previously
treated advanced NSCLC (59). In a phase II trial of 53 treatment-
naïve NSCLC patients, the combination achieved an ORR of
41.5% with median OS of 14.6 months (60). This regimen has not
been studied in Western populations. An all oral regimen of oral
irinotecan with capecitabine has been investigated, but to this
point studies have not proceeded past the phase I dose-finding
phase in advanced solid tumors (61, 62).

In thoracic oncology, capecitabine has thus far demonstrated
the most promise when combined with temozolomide
(CAPTEM) for the treatment of advanced bronchopulmonary
neuroendocrine tumors. The major data in support of this
regimen comes from the phase II randomized multicenter
ECOG-ACRIN E2211 study in which 144 patients with
advanced pancreatic neuroendocrine tumors were randomized
to treatment with temozolomide 200 mg/m2 daily on days 1–5
(TMZ) or TMZ plus capecitabine 750 mg/m2 twice per day
on days 1–14 of a 28 day cycle (CAPTEM) (63). CAPTEM
demonstrated an improvement in PFS with a median PFS
of 22.7 vs. 14.4 months. There was also an improvement in
survival (OS HR 0.41, p = 0.012), though the CAPTEM regimen
was more toxic with higher rates of grade 3/4 adverse events
including neutropenia (13 vs. 4%), nausea/vomiting (8 vs. 0%),
diarrhea (8 vs. 0%), and fatigue (8 vs. 1%). While prospective
trial data for CAPTEM in bronchopulmonary neuroendocrine
tumors are lacking, multiple small single-center retrospective
analyses have supported the encouraging data from E2211,
demonstrating ORR of 18–30%, disease control rates of 76–85%,
and median OS of 30.4 to 68 months (64, 65). In addition, the
toxicity profile of CAPTEM appeared quite favorable in these
retrospective studies with the most common grade 3/4 adverse
event, thrombocytopenia, occurring in 10–15% of patients.
While not FDA approved, CAPTEM carries a category 2A
NCCN recommendation for the treatment of locoregionally
advanced and/or metastatic bronchopulmonary neuroendocrine
tumors (66).

In summary, there is no data to support the use of capecitabine
in the treatment of NSCLC. For advanced bronchopulmonary
neuroendocrine tumors, however, CAPTEM is a promising
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regimen that should be considered if systemic cytoreductive
therapy is warranted.

CONCLUSION

Systemic therapy plays a critical role in the palliativemanagement
of advanced lung cancer. Selection of specific regimens always
involves a balance of benefit and risk. The COVID-19 pandemic
has introduced a new variable to that equation: the risk of
traveling to an infusion center for IV therapeutics. Given this
added risk, the risk:benefit ratio for any therapy must be carefully
assessed and it is important to recall that in some specific
instances, forgoing treatment could be appropriate. For patients

who may benefit from therapy, selection of the specific regimen
can now be influenced by route of administration and schedule.
While most of the standard agents for NSCLC are administered
intravenously, there are circumstances where an oral cytotoxic
agent may be a comparable alternative and when all else is equal,
the ability to receive therapy while staying at home is increasingly
appealing in this new era.
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