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ABSTRACT

Background: Lung cancer is the number one cause of mortality among all types of
cancer worldwide. Its treatment landscape has shifted from the classic chemotherapy
alone to newer regimens based on the discovery of new immunotherapy and targeted
therapy drugs. However, chemotherapy is still an option for treatment of advanced
non-small cell lung cancer (NSCLC) after progression on immunotherapy alone or in
combination with first-line chemotherapy.

Methods: This is a retrospective study based on chart review of patients
diagnosed with advanced NSCLC cases who received Docetaxel as second or third line
after being treated by immunotherapy and/or chemotherapy in previous lines. The
data was collected from the medical records of physicians’ clinics in three different
hospital centers in Lebanon over the period of 5 years from July 2015 until December
2020. February 2021 was data analysis cut off time. The main aim was to assess the
role of Docetaxel post-chemoimmunotherapy for patients with diagnosed NSCLC.

Results: A total of 21 patients were included in this study. The majority of our
patients were males (81%). As for histologic type, most patients had non-squamous
lung cancer (67%) as compared to 33% who had squamous lung cancer. Overall, our
study reported a 24% response rate to Docetaxel including stable disease and partial
response and a median progression free survival (PFS) of 3 months. The mean time
interval elapsed from diagnosis to the initiation of Docetaxel was 11.5 months.

Conclusion: New therapeutic options should be validated for the treatment of
NSCLC in the second and subsequent lines of therapy considering the poor prognosis
of this disease. The chemotherapy in second and third line may keep an important
role in the treatment after progression on newer agents, but it needs more evidence
in prospective studies including a larger number of patients.

INTRODUCTION and pancreatic combined together [1]. It is frequently
diagnosed at an advanced stage and 5-year survival

Lung cancer is still the most common cause of rates do not exceed 5% [2]. Around 85% of patients
worldwide cancer deaths for both men and women with belong to a group labeled as non-small cell lung cancer
a yearly estimated 1.6 million deaths. Its death rate (NSCLC), that is divided into several subtypes based
exceeds that of the three common cancers: breast, colon on histological criteria, of which lung adenocarcinoma
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(LUAD) and lung squamous cell carcinoma (LUSC)
subtypes constitute the majority [3]. Smoking is well
known for its strong contribution in the development of
lung cancer especially when it is related to small cell lung
carcinoma (SCLC) and LUSC compared to LUAD which
represents the most common histology in non-smoker
patients. In addition, lung cancer in non-smokers has
been associated with secondhand smoking, pollution and
occupational carcinogens [4]. Lung cancer is a complex
and heterogeneous disease at both molecular and genetic
levels. Its treatment has changed with new discoveries
from a physician’s preference of random protocols to an
individualized plan according to the genetic alterations of
the tumor. One possible route is to unravel the status of
programmed death ligand-1 (PDL-1) in order to utilize
immunotherapies [5].

In general, the treatment of lung cancer relied on
conventional chemotherapies until late 2000s, when
biological agents, currently known as targeted therapy,
emerged as therapeutic options for NSCLC in case
the tumors exhibit a driver mutation [6]. The number
of targeted mutations extended over the past years to
include epidermal growth factor receptor (EGFR), ROSI,
BRAF, NTRK, RET, MET, RAS among others, and the
different drugs many which target these mutations have
been approved by the Food and Drug Administration
(FDA) [7]. Check point inhibitors (CPIs) is another
family of drugs that focused on targeting either PD-L1
(Atezolizumab, Durvalumab, Avelumab) or its receptor
PD1 (Pembrolizumab, Nivolumab) [8]. These CPIs
appeared with Nivolumab, being the first immunotherapy
(IO) agent to be approved in second line treatment of
NSCLC in 2015 based on the results of 2 phase III
clinical trials. Moreover, Pembrolizumab (an anti-PD-1
antibody) and Atezolizumab (an anti-PD-L1 antibody)
were included later for the second-line treatment and
then studied in the frontline therapy due to their overall
survival (OS) improvement and better toxicity profile [9].
In addition, Pembrolizumab was the first IO agent to be
approved as monotherapy of advanced NSCLC with PD-
L1 expression >50% and recently with PD-L1 expression
>1% [10]. Even in the absence of PD-L1 expression, the
combination of Pembrolizumab with selected combined
chemotherapy (CT) showed OS advantage over that of CT
alone in metastatic NSCLC [11].

In light of the new advancements in therapeutic
options to treat NSCLC, we decided to conduct a
retrospective study to report the use of Docetaxel in
second or third-line treatment after chemo-immunotherapy
in previous lines in patients diagnosed with advanced
NSCLC.

RESULTS

We included a total of 21 patients who have received
Docetaxel as a treatment of non-small cell lung cancer

to evaluate the response to this treatment in second or
third line after chemo-immunotherapy. The patients were
collected from the medical records of physicians’ clinics
in three hospitals in the country.

Most of our patient population were males (81%)
According to the histopathologic type, the nonsquamous
non-small cell lung cancer was more frequent than the
squamous cancer with a frequency of 67% (N = 14). Prior
to the use of Docetaxel, the previous treatments consisted
of the association of chemotherapy and immunotherapy
as first-line treatment or chemotherapy alone followed
by the addition of immunotherapy in the second line.
Therefore, Docetaxel was used in the second line setting
in 28.6% of the cases (N = 6) whereas it was used as a
third-line treatment in 71.4% of the cases (N = 15).
The used chemotherapeutical agents were Cisplatin,
Carboplatin, Vinorelbine, Pemetrexed and Gemcitabine.
However, the immunological agents used were, by
order of frequency, Pembrolizumab (N = 12), Nivolumab
(N = 6), Atezolizumab (N = 2) and Durvalumab (N = 1)
in approximately 57%, 28.5%, 9.5% and 5% of the cases
respectively. Table 1 shows the patients’ characteristics.

The RECIST 1.1 criteria were used to assess
response to Docetaxel. The results are reported In Figure 1.

Among the patients receiving Docetaxel, this
treatment was not tolerated and then stopped in one patient
after the first cycle. Disease progression was observed
in 62% of the cases; however, a partial response/stable
disease was obtained in almost 24% of the cases. The
median PFS was 3 months.

We estimated the time interval elapsing between the
date of diagnosis and the date of initiation of Docetaxel.
The mean duration was estimated to 11.5 months with
a slightly lower duration in the sub-group of patients
experiencing disease progression, which was estimated to
10 months.

DISCUSSION

Our results underline the dismal survival of lung
cancer, particularly the non-small cell lung cancer,
especially as the lines of treatment progress. This is
concluded from the rate of disease progression and the
time interval necessary for the initiation of Docetaxel.
On the other hand, the comparison of our results with the
previously exposed studies shows that the median PFS
concluded in this study is almost similar to the mPFS
reported in other studies for Docetaxel as second and
third-line treatment [12—15] Docetaxel has been associated
with increased response rate and higher one year survival
when used alone as second-line therapy as seen in TAX
320 and TAX 317 clinical trials [12, 16]. Furthermore, a
metanalysis published by Nagaraju et al. was comprised of
18 randomized controlled trials which included docetaxel
in the standard treatment arm while kinase inhibitors,
antineoplastic agents and monoclonal antibodies as the
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Table 1: Patients’ characteristics

Variable N (%)
Males 17 (81%)
Gend
enaet Females 4 (19%)
Tupe of lune cancer Non-squamous 14 (67%)
P g Squamous 7 (33%)
Pembrolizumab 12 (57%)
. ) Nivolumab 6 (28.5%)
I 1 1 ts (Istl
mmunological agents (Ist line) Atezolizumab 2 (9.5%)
Durvalumab 1 (5%)
Cisplatin and Vinorelbine 3 (14.3%)
. ) Cisplatin and Pemetrexed 3 (14.3%)
Ch th t ts (1stl
emotherapeutic agents (1st line) Carboplatin and Pemetrexed 11 (52.4%)
Carboplatin and Gemcitabine 4 (19%)
Docetaxel 2nd line 6 (28.6%)
ax
oeetaRe 3rd line 15 (71.4%)

experimental arm for the treatment of stage I1I-TV NSCLC
[17]. Overall, 9738 patients were included, and OS was
better in patients who had been treated with Docetaxel
as second-line for advanced NSCLC than in patients
who received antineoplastic agents, kinase inhibitors and
monoclonal antibodies [17].

Interestingly, Docetaxel is the first FDA
approved agent to be used as second-line treatment
of advanced NSCLC [18]. However, we should shed
light on the toxicity profile of Docetaxel as it can cause
myelosuppression in over half of the patients treated on
an every-3-weeks schedule [18]. A study conducted by

Response to Docetaxel (N)

m Disease progression u Partial response u Not tolerated

= Not evaluated ® Unknown

Figure 1: Response to docetaxel in second or third line treatment for non-small cell lung cancer after a treatment with

chemo-immunotherapy.
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Wang et al. revealed that the frequency of administration
of Docetaxel was related to the occurrence of neutropenia
as the incidence rate of neutropenia after once-per-cycle
was significantly higher than that observed after twice-
per cycle. [19] As well, the duration of one cycle also
plays a role since the incidence was significantly higher
in 21-day cycles than in 28-day cycles [19]. Other than
myelosuppression, it can lead to neuropathy, diarrhea,
stomatitis, nausea and vomiting. Since the latter adverse
effects were schedule-dependent, weekly dosing was
initiated to limit toxicity. In fact, the weekly administration
of Docetaxel was shown to have a better toxicity profile
with similar efficacy when compared to 3-weekly
administration [18]. Therefore, Docetaxel with controlled
side effects may serve as an essential second and third-line
agent after chemoimmunotherapy.

The role of chemotherapy with/without targeted
therapy in second-line treatment post failure of
immunotherapy

Although CPIs have been shown to improve OS,
resistance to such agents is inevitable in some cases.
Primary resistance to CPIs occurs when patients do not
respond to CPIs as initial therapy; however, acquired
resistance occurs when patients respond to CPIs but
later relapse. Primary resistance is mainly due to the
inhibition of anti-tumor immune responses. The latter
happens due to tumor cell-intrinsic factors and extrinsic
factors. The intrinsic factors include lack of tumor
antigen expression, abnormal mitogen-activated protein
kinase (MAPK) signaling, absence of PTEN expression,
abnormal interferon gamma signaling and aberrant WNT/
beta catenin signaling, among others [20]. Nevertheless,
extrinsic factors essentially involve the activity of
regulatory T cells, macrophages and myeloid suppressor
cells [20]. For acquired resistance, several mechanisms,
such as escape mutations in the tumor cell, absence of T
cell function and loss of T cell recognition due to tumor
antigen presentation downregulation, lead to this resistance
[20]. Moreover, NSCLC patients whose tumors lack a
driver mutation and were formerly treated with IO in first
line, either as monotherapy or in combination with CT,
have very limited treatment options after the progression
of their disease. As 10 moved up to the first-line treatment,
patients face the obstacle of shifting from single-agent 10
or chemoimmunotherapy combination to conventional
systemic CT regimens with/without biological agents which
exhibit higher toxicities and less efficacy compared to the
first-line [21]. CT, when feasible, remains as the only viable
option post progression on IO in the absence of targeted
mutations, which directed lately the attention towards
evaluating the efficacy of salvage CT after IO (SCAI)
[22]. Data from several cohorts supported an emerging
hypothesis of a promising role for IO in increasing the
sensitivity of the tumor to the subsequent CT [23].

The use of a single-agent CT as second line resulted
in poor clinical outcomes in clinical trials with median
progression free survival (mPFS) ranging between 2.6 and
2.9 months and median overall survival (mOS) of 7 to 8.3
months with the use of docetaxel [24]. Of importance, a
phase I1I trial reported that Pemetrexed is equivalent to
Docetaxel in second-line treatment of advanced NSCLC
[13]. In addition, the combination strategy of Pemetrexed
and Carboplatin did not improve the survival outcomes
compared to Pemetrexed monotherapy in second line [25].
Only few drugs were approved by FDA to be used in the
second-line treatment based on histology, if not previously
used in the first-line settings, such as Gemcitabine,
Pemetrexed for non-squamous NSCLC, Docetaxel +
Ramucirumab for all histologic types, and Afatinib for
squamous cell histology only [26]. For example, a phase III
clinical trial by Garon et al. reported that the combination
of Docetaxel + Ramucirumab as second-line therapy
improved response, PFS and OS in patients with stage [V
NSCLC [27]. Essentially, the combination of Docetaxel
+ Nintedanib was used in Europe and Latin America in
second-line treatment of non-squamous NSCLC in 2014.
The combination of Nintedanib, a triple angiokinase
inhibitor, with Docetaxel was studied in LUME-Lung 1, a
phase III trial that involved patients who had stage I1IB/IV
recurrent NSCLC of all histologies. This study revealed a
significant improvement in PFS for both adenocarcinoma
and squamous NSCLC in the combination arm over
Docetaxel/Placebo, and it showed improvement of OS
only in adenocarcinoma NSCLC patients [28]. Recently,
results from VARGADO study which addressed the use of
Docetaxel/Nintedanib as third-line therapy after failing CT
and CPI, were published showing improvement of PFS. In
this ongoing German prospective study, cohort C included
patients receiving Docetaxel/Nintedanib as second-line
therapy after they have failed chemoimmunotherapy as
frontline treatment. The authors of the study concluded
that Docetaxel/Nintedanib may have a potential clinical
benefit in patients who failed first-line 10 [29].

Few months ago, Bersanelli et al. published the
results of a large retrospective multicenter study that
involved patients with advanced NSCLC from 20 Italian
centers between 2013 and 2019 to assess the benefit of
CT in second line and beyond after progressing on 10.
The study population included 342 patients, 86 (25.1%)
of which received salvage CT post 10 as second line.
Despite the lack of statistical significance, an increased
benefit was observed in this patient population. The study
group showed that the line of treatment is one of the major
determinants of survival in the settings of post 1O treatment
and that the use of platinum-based doublets as a second line
achieved the highest overall response rate (ORR). As well,
a prognostic score for the use of CT post 10 failure was
established, stratifying the patients into groups of good,
intermediate and poor prognosis as this can help clinicians
in tailoring the best treatment for each group [30].
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Table 2: List of clinical trials that studied available second-line therapies for NSCLC patients

previously treated with immunotherapy

Clinical trial

sponsor NSCLC type  Therapeutic agent Response PFS (months) OS (months)
Platinum
combination or
. . . Gemcitabine alone o 4.1 6.8
Bersanelli etal. [30] - All histologies /o based or 22.8% (95% C13.4-4.8)  (95% CI5.5-8.1)
Vinorelbine alone
or other
0,
Grohé et al. [29] Adenocarcinoma Docetaxel + 22"/%) gl}; 33 Not reported
(VARGADO study) Nintedanib 0o (95% CI, 1.9-8.7) p
83% DCR
Docetaxel +
. . Ramucirumab 23% vs. 14% 4.5vs.3.0 10.5vs. 9.1
Garon et al. [27] Allhistologies  "hyotaxel + (p < 0.001) (p < 0.0001) (p=0.023)
placebo
Docetaxel + 0
Reck et . [28] Adenocarcinomg | Nintedanib vs. DCR4§40'8/’ Ve 3.4vs.2.7 12.6 vs. 10.3
' Docetaxel + e (p=0.0019) (p =0.0359)
(p <0.0001)
placebo
. . Docetaxel vs. 9.1% vs. 8.8% 83vs. 7.9
Hanna et al. [13] All histologies Pemetrexed (p =0.105) 2.9 for each (» = 0.226)
. . . o 19% PR,
Crino et al. [36] All histologies Gemcitabine 31% SD Not reported Not reported
(1)

Abbreviations: CI: Confidence interval, DCR: Disease control rate; OS: Overall survival; PFS: Progression free survival; PR: Partial response, SD: Stable Disease.

Furthermore, Table 2 shows several important clinical trials
that studied available second-line therapies for NSCLC
patients previously treated with immunotherapy.

The role of chemotherapy with/without targeted
therapy in third-line treatment post failure

of first-line chemotherapy and second-line
immunotherapy

First-line and second-line CT have been
demonstrated, since decades, to be effective in the
treatment of patients with inoperable advanced NSCLC.
However, the initiation of a third-line treatment was always
debatable without clear evidence to support. The decision
of offering a third-line CT treatment in NSCLC was always
linked to the assessment of the performance status (PS)
of the patients to identify the eligible candidates [31]. A
retrospective study indicated a longer survival after third-
line CT when used in patients with low PS compared to
high PS and suggested a possible association with increased
OS [32]. Other than PS, several important prognostic
factors, which are reported for the initiation of first-line
chemotherapy, also come into play for third-line therapys;
these include age <70, absence of cancer related symptoms
and weight loss, absence of extrathoracic metastases and
short smoking history [31]. In addition, disease control
after the first two lines is an essential factor to consider

when initiating a third line treatment. Importantly, a study
by Girard et al. revealed that disease control after first- and
second-line treatments was highly associated with a greater
overall survival after third-line treatment. Median survival
was 10.3 months in case of disease control after the first
two lines while it was 4.0 months in case of progression
[31]. To note, the third-line regimens used in the latter
study included Docetaxel, Pemetrexed, Gemcitabine,
Vinorelbine and Paclitaxel among others [31].
Nevertheless, over the past decade, the field of
NSCLC treatment underwent major changes with the
emergence of 1O as a cornerstone of the current treatment.
However, most of the NSCLC patients treated with 10O as
second-line experience disease progression with a small
group having exceptionally long-lasting responses and
survival [33]. Therefore, establishing effective third-
line therapies after first-line platinum-based CT and
second-line IO is considered crucial for a large number
of patients. Since some antiangiogenic agents such as
Nintedanib and Ramucirumab lead to significant increase
in OS when combined to CT in second line after failure
of platinum-based combination CT, these agents might
represent reasonable candidates for combinations with
CT in third line treatment [34]. This topic was heavily
studied lately with many retrospective cohorts assessing
the results of different agents. A systemic review of real-
world observational studies reported mOS range of
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2.8 to 12 months with CT in third-line treatment of advanced
NSCLC [14]. Moreover, Schvartsman et al. conducted a
retrospective study at MD Anderson Cancer Center showing
that ORR was higher in single-agent CT, in third-line and
beyond, after the exposure to PDL-1 inhibitors compared
to that from historical data in the pre-anti-PDL-1 era [22].
Recently, another study investigated the efficacy of CT after
PDL-1 inhibitor vs CT alone in 1439 advanced NSCLC
individuals. The results highlighted that CT post PDL-1
inhibitors in third line achieved a higher ORR of 18.9%
compared to 11% in patients who received CT in second
line with the lack of previous exposure to anti PD-1 agents
despite the disproportion between the line settings of the
two arms [35]. Of importance, the efficacy of Docetaxel/
Nintedanib combination in third-line treatment of advanced
lung adenocarcinoma post failure of platinum-based CT
followed by 10 was first reported in a small retrospective
study where 11 out of 390 patients from 108 Spanish centers
met the inclusion criteria. The mPFS of the combination in
third-line was 3.2 months, reinforcing the importance of an
optimal therapeutic sequence in the treatment of NSCLC.
Furthermore, in the prospective and non-interventional
study VARGADO, the mPFS was 5.5 months with an ORR
of 58% for 22 patients who received Docetaxel/Nintedanib
as third-line treatment after failing CT and 10. However,
the low number of patients represents a major and clear
limitation of the study. The primary endpoint of this cohort
is OS which is still immature and not available at the time
of this publication [21].

Even though third- line treatments sometimes pose
a survival benefit, their main aim should emphasize
on symptom palliation and PS control, which was
interestingly achieved in more than 90% of the patients
in Girard et al.” s retrospective study [31]. Meanwhile, the
debate of initiating a third- line treatment is still ongoing
with more evidence supporting its use in selected cases.

MATERIALS AND METHODS

Study design and patient selection

This is a retrospective cohort study performed
based on chart review of patients from physicians’ clinic
across three different hospital centers in Lebanon over a
period of 5 years from July 2015 until December 2020.
February 2021 was data analysis cut off time. All medical
charts were reviewed to obtain demographic data, clinical
data, pathologic findings, site of metastases as well as
therapeutic modalities (chemo/immunotherapy) used in
Ist and/or 2nd lines followed by Docetaxel use.

Data analysis

All collected data were entered and statistical
analysis was performed using IBM SPSS v.25 with the use
of identification numbers. Patient identifiers like names or

case numbers were concealed throughout the whole study.
Data analysis included baseline descriptive statistical
analysis for demographics, patient characteristics,
histologic type of cancer, treatment characteristics as
well as survival analysis based on the time of last clinical
follow up in the charts and the time of revision cutoff,
which was February 2021.

CONCLUSIONS

NSCLC’s treatment field has experienced vital
advancements with use of 10, which moved up to become a
frontline treatment in a short period of time. By increasing
survival, 10 is changing the future treatment perspective.
Despite the promising results of 10, a majority of patients
are still experiencing progression of their disease urging
the establishment of new treatment options. Data from
several studies suggest a promising role for CT with/
without targeted agents in the second-line treatment post
10. Importantly, Docetaxel has been intensely investigated
in multiple clinical trials and has shown proven efficacy
as a second or third-line agent post-chemoimmunotherapy
in patients with advanced NSCLC. Docetaxel will remain
a main therapeutic agent in the treatment of NSCLC with
more studies emphasizing on its benefit. This is due to the
fact that most of the available data are based on retrospective
cohorts and need to be supported by prospective studies to
gain valuable evidence. In addition, an important role for
CT with/without targeted agents as a third line after 1O
failure is suggested by different studies. These studies are
still limited by the small population and the retrospective
settings. This role might be validated in the presence of
many preliminary evidence that support the hypothesis
of increased tumor sensitivity to CT post exposure to 10
agents. Therefore, large multicenter prospective randomized
trials are needed to provide the clinical evidence for the use
of CT in second line and third-line post 10 failure.
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