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Abstract. The current retrospective multicenter study
evaluated the efficacy and safety of nanosomal docetaxel
lipid suspension (NDLS; DoceAqualip) based chemotherapy
in patients with gastric and gastroesophageal junction
(GEJ) adenocarcinoma. The medical charts of patients with
gastric and GEJ adenocarcinoma, who were treated with
NDLS (50‑75 mg/m 2; 3 weekly cycles) based chemotherapy
and followed‑up from April 2014 to September 2018, were
analyzed. The study endpoints included overall response rate
(ORR) and disease control rate (DCR) in neoadjuvant and
metastatic settings. Overall survival (OS) and safety were
also evaluated. Of the 43 patients with gastric (n=39) and GEJ
(n=4) adenocarcinoma, efficacy evaluation was available in 35
(neoadjuvant, 17/18 patients; metastatic, 18/25 patients). In the
neoadjuvant setting, an ORR of 58.82% and a DCR of 94.11%
were observed, whereas in the metastatic setting, the ORR was
77.77% and the DCR was 83.33%. In the neoadjuvant setting,
at a follow‑up ranging from 0.7 to 41.2 months, the median OS
was not reached. In the metastatic setting, the median OS was
31.9 months at a follow‑up ranging from 0.2 to 50.3 months.
At least one adverse event (AE) was reported in 24 patients.
Anemia, lymphopenia and thrombocytopenia were the most
common hematological AEs, while nausea, vomiting and
weakness were the most common non‑hematological AEs.
NDLS based treatment was well‑tolerated without any new
safety concerns. Overall, NDLS‑based chemotherapy was
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effective and well‑tolerated in the management of gastric and
GEJ adenocarcinoma.
Introduction
Gastric cancer is the fifth most common cancer in the world
(1,033,701 new cases; 5.7% of all cancer cases) with the third
highest cancer‑related mortality (782,685 deaths, 8.2% of all
cases) as per GLOBOCAN 2018 data (1). In India, gastric
cancer ranks fifth with regards to the number of newly
diagnosed cases (57,394 cases [5.52%]), and cancer‑related
mortality (51,429 deaths [7.2%]) (1). Approximately, 95% cases
of gastric cancer are gastric adenocarcinomas (GACs) (2,3)
and most adenocarcinomas arise in the distal third of the
stomach and gastroesophageal junction (GEJ) (4). The inci‑
dence of adenocarcinomas, in the proximal stomach and distal
esophagus, has increased over the years (5).
Taxanes (docetaxel or paclitaxel), which disrupt the micro‑
tubule function and inhibit the process of cell division, have
shown encouraging activity for the treatment of GAC (6,7).
Docetaxel based chemotherapy has been shown to be effec‑
tive and well‑tolerated in the neoadjuvant therapy of gastric
cancer (8‑10). Furthermore, docetaxel in combination with a
platinum agent (cisplatin/carboplatin/oxaliplatin) and 5‑fluo‑
rouracil (FU) (DCF) is a recommended treatment option
for advanced gastric cancer (11,12). Docetaxel as a mono‑
therapy (7,13) or in combination with other antineoplastic
agents such as cisplatin (14), 5‑FU (15), irinotecan (16), carbo‑
platin (17), and capecitabine (18) has demonstrated efficacy in
advanced gastric and GEJ adenocarcinoma.
The conventional docetaxel formulation is associated
with toxicities such as acute hypersensitivity reactions,
cumulative fluid retention, peripheral neuropathy, severe
nonimmunologic anaphylactoid reactions, infusion‑site
reactions, and alcohol intoxication, related to the formulation
vehicles, polysorbate 80 and ethanol (19‑23). Furthermore,
these adverse effects are still observed despite corticosteroid
and antihistamine premedications, which are generally used
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to limit these toxicities (24). A novel lipid‑based formulation
of docetaxel, nanosomal docetaxel lipid suspension (NDLS,
DoceAqualip), which is devoid of polysorbate 80 and ethanol
was developed to overcome these toxicity issues. NDLS is
approved in India for the treatment of patients with advanced
gastric adenocarcinoma, androgen independent (hormone
refractory) metastatic prostate cancer (HRPC), locally
advanced or metastatic breast cancer (MBC) after failure of
prior chemotherapy, non‑small cell lung cancer (NSCLC)
after failure of prior chemotherapy, and for the induction
treatment of locally advanced squamous cell carcinoma
of head and neck (LA SCCHN). NDLS was developed
based on the patented ‘NanoAqualip’ technology (patent
numbers: Worldwide (WO2008127358), Europe (2076244),
Japan (5917789) and Canada (CA2666322) (25) using lipids
generally regarded as safe (GRAS) by the US Food and
Drug Administration (USFDA). Docetaxel is added to high
pressure homogenized soy phosphatidylcholine and sodium
cholesteryl sulfate in sodium citrate buffer under continuous
high pressure homogenization for the development of
NDLS (25). The resultant nanosomal (<100 nm) particles (25)
of NDLS may increase the delivery of docetaxel to tumor
tissues due to damaged tumor vasculature, resulting in an
enhanced permeability and retention (EPR) effect. This may
result in a greater systemic availability of docetaxel (25,26)
and thus, improved therapeutic outcomes can be potentially
expected (27). In addition, polysorbate 80 and ethanol related
toxicity issues can be circumvented as well.
The efficacy and safety of NDLS has been demon‑
strated in breast, ovarian, cervical, gastric, penile, hormone
refractory prostate cancer, non‑small cell lung cancer and
sarcoma (28‑32). We report here a multicenter, retrospective
experience in real‑life practice evaluating the efficacy and
safety of NDLS based chemotherapy in the treatment of gastric
and GEJ adenocarcinomas in the neoadjuvant and metastatic
settings.
Materials and methods
Study design. In this multicenter, retrospective study, we
analyzed the medical charts of adult patients who were
treated with NDLS based chemotherapy as part of their
routine clinical care for histopathologically proven gastric
and GEJ adenocarcinoma. The data is captured from April
2014 to October 2018. The study endpoints were overall
response rate [ORR: Proportion of patients achieving
complete (CR)+partial response (PR)], disease control rate
[DCR: CR+PR+stable disease (SD)] and overall survival
(OS was defined as time from treatment to death due to any
cause; for patients who were still alive at the time of data
analysis or who were lost to follow‑up, OS was censored
at the last recorded date that the patient was known to be
alive). Treatment response was evaluated using the Response
Evaluation Criteria in Solid Tumors (RECIST) 1.1 (33).
Incidence of adverse events (AEs) documented in the treat‑
ment charts were recorded and graded according to the
National Cancer Institute Common Terminology Criteria
for Adverse Events (CTCAE) Criteria version 5.0. Similarly,
data on deaths and discontinuations were captured from the
patients' health records.

Ethics statement. The study protocol was reviewed and approved
by the OM Ethics Committee, Ahmedabad, India. The study
was conducted in accordance with the Ethical principles that
have their origin in the Declaration of Helsinki, and in accor‑
dance with the International Conference on Harmonization's
Good Clinical Practice guidelines (ICH‑GCP), applicable
regulatory requirements, and in compliance with the protocol.
Statistical analysis. Demographic and baseline characteristics
were summarized using descriptive statistics. Categorical
variables were summarized with frequency and percentage.
Continuous variables were summarized with count, mean,
standard deviation, median, minimum and maximum.
Response rate was presented as frequency and percentage of
patients. Survival analysis was performed to measure lifetime
or the amount of time until the occurrence of an event (death
in case of overall survival). Survival data was analyzed using
a non‑parametric procedure performed PROC LIFETEST
of SAS (Version 9.4) to measure the duration of time until a
specified event occurs. OS was calculated and analyzed using
the Kaplan‑Meier method and the log‑rank test to estimate the
survival function from lifetime data after treatment. The AEs
were summarized as frequencies and percentages by type of
reactions.
Results
Patients disposition and demographics. Data of 43 patients
with gastric (n=39) and GEJ (n=4) adenocarcinomas who
were treated with NDLS based chemotherapy regimens was
retrospectively analyzed. The baseline characteristics of these
patients are summarized in Table I.
NDLS was administered as a 1 h infusion in 3 weekly
cycles at a dose of 75 mg/m2 (n=37, 86%) and 50 mg/m2 (n=6,
14%). NDLS was used as a first‑line therapy in majority
(90.7%) of the patients. Granulocyte‑colony stimulating factor
(GCSF) was used in majority of the patients (90.7%, 39/43) as
primary prophylaxis.
NDLS based treatment regimens. The most common NDLS
based treatment regimen in the neoadjuvant setting was
NDLS/oxaliplatin/capecitabine [DOX, 50% (9/18 patients)]
followed by N DLS/oxaliplatin /5‑F U [DOF, 33.3%
(6/18 patients)]. In the metastatic setting, NDLS/cisplatin/5‑FU
[DCF, 28% (7/25 patients)] followed by DOF (24%,
6/25 patients) were the most commonly used regimens.
Efficacy. Of 43 patients who received NDLS based chemo‑
therapy for the treatment of gastric and GEJ adenocarcinoma
in neoadjuvant and metastatic settings, efficacy evaluation
was available for 35 patients (17/18 patients in neoadjuvant
and 18/25 patients in metastatic setting). In the neoadjuvant
setting, the ORR and DCR were 58.82 and 94.11%, respec‑
tively (Fig. 1A) whereas in the metastatic setting, the ORR and
DCR were 77.77 and 83.33%, respectively (Fig. 1B).
Overall survival. The patient survival data was collected from
the date of administration of the first dose of NDLS based
therapy till the last follow‑up date (September 30, 2018) for
alive patients and date of death for patients who died. The
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Table I. Patient disposition and baseline characteristics.
Parameters

All patients (n=43)

Neoadjuvant setting (n=18)

Metastatic setting (n=25)

Age (years), mean ± SD, range
55.14 ±10.7 (34‑75)
54.8±11.4 (34‑73)
55.3±10 (38‑75)
2
BSA, kg/m , mean ± SD
1.54±0.2
1.6±0.2
1.54±0.24
Sex, n (%)
Male
31 (72.1)
16 (88.9)
15 (60)
Female
12 (27.9)
2 (11.1)
10 (40)
Cancer Stage, n (%)			
II
6 (14.0)
6 (33.3)
‑
III
10 (23.3)
10 (55.6)
‑
IV
27 (62.8)
2 (11.1)
25 (100.0)
NDLS dose, n (%)			
75 mg/m2
37 (86.0)
15 (83.3)
22 (88.0)
2
50 mg/m
6 (14.0)
3 (16.7)
3 (12.0)
Metastasis site, n (%)a
		
Lymph node
10 (23.3)
‑
10 (40.0)
Bone
2 (4.7)
‑
2 (8.0)
Liver
1 (2.3)		
1 (4.0)
Line of therapy, n (%)			
First‑line
38 (88.4)
18 (100.0)
20 (80.0)
Second‑line
4 (9.3)
‑
4 (16.0)
Third‑line
1 (2.3)
‑
1 (4.0)
ECOG performance score			
0
3 (7.0)
‑
3 (12.0)
1
37 (86.0)
18 (100.0)
19 (76.0)
2
3 (7.0)
‑
3 (12.0)
Comorbid disease, n (%)			
Hypertension
13 (30.2)
2 (11.1)
11 (44.0)
Diabetes
5 (11.6)
1 (5.6)
4 (16.0)
Hypothyroidism
5 (11.6)
2 (11.1)
3 (12.0)
Others
3 (7.0)
3 (16.7)
‑
Of the 43 patients included in this analysis, 39 had gastric cancer and 4 had GEJ. Cancer stage was confirmed by whole body positron
emission tomography‑computed tomography scan. Other comorbid diseases included asthma, coronary artery disease, thrombophlebitis and
dyslipidemia. aMetastasis site was only available for 13 patients. GEJ, gastroesophageal junction; BSA, body surface area; ECOG, Eastern
Cooperative Oncology Group; NDLS, nanosomal docetaxel lipid suspension; SD, standard deviation.

Figure 1. Response rate of NDLS based chemotherapy in patients with gastric and gastroesophageal adenocarcinoma in (A) neoadjuvant (n=17) and (B) meta‑
static (n=18) settings. CR, complete response; DCR, disease control rate; NDLS, nanosomal docetaxel lipid suspension; ORR, overall response rate; PR, partial
response; SD, stable disease.
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Table II. Safety profile of NDLS in patients with gastric and GEJ adenocarcinoma (n=33).
A, Hematological AEs
Adverse event (>5% patients)
Anemia
Lymphopenia
Thrombocytopenia
Neutropenia

All grades, n (%)

Grade III, n (%)

Grade IV, n (%)

18 (54.55)
7 (21.21)
6 (18.18)
4 (12.12)

1 (1.92)
2 (3.85)
1 (1.92)
1 (1.92)

‑
‑
2 (3.85)
1 (1.92)

All grades, n (%)

Grade III, n (%)

Grade IV, n (%)

5 (15.15)
5 (15.15)
5 (15.15)
4 (12.12)
3 (9.09)
3 (9.09)
3 (9.09)
2 (6.06)
2 (6.06)
2 (6.06)

‑
‑
‑
‑
‑
‑
2 (3.85)
‑
‑
‑

‑
‑
‑
‑
‑
‑
‑
‑
‑
‑

B, Non‑hematological AEs
Adverse event (>5% patients)
Nausea
Vomiting
Weakness
Hyperglycemia
Anorexia
Diarrhea
Alteration in LFT
Mouth ulcer
Mucositis
Alopecia

AEs in different grades may occur in ≥1 patient; hence, the cumulative number of patients in different grades may exceed the total number of
patients with individual AEs. AE, adverse event; GEJ, gastroesophageal; LFT, liver function test; NDLS, nanosomal docetaxel lipid suspen‑
sion; SD, standard deviation.

Figure 2. Kaplan Meier estimates of overall survival in patients with gastric and GEJ adenocarcinoma in (A) neoadjuvant (n=18) and (B) metastatic (n=25) settings.
GEJ, gastroesophageal junction.

proportion of patients who were alive at the last follow‑up was
88.9% (16/18) in the neoadjuvant setting and the median OS was
not reached (follow‑up duration: 0.7‑41.2 months) (Fig. 2A). In
the metastatic setting, the proportion of patients who were alive
at the last follow‑up was 56% (14/25) and the median OS was
31.9 months (follow‑up duration: 0.2‑50.3 months) (Fig. 2B).
Safety. The data on AEs was available for 33 (76.7%) patients.
Of these, at least 1 AE was reported in 72.7% (24/33) patients.
Grade 1 AEs were reported in 69.7% (23/33) patients, grade 2

in 30.3% (10/33), grade 3 in 12.1% (4/33) and grade 4 in 9.1%
(3/33) patients, respectively. Anemia, lymphopenia thrombocy‑
topenia, and neutropenia were the hematological AEs reported
while nausea, vomiting and weakness were the most‑common
non‑hematological AEs reported (Table II).
Discussion
Addition of docetaxel to the therapeutic armamentarium of gastric
and GEJ adenocarcinoma has demonstrated improved treatment
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outcomes (34). Docetaxel based chemotherapy is recommended
as neoadjuvant therapy for gastric cancer. Furthermore, docetaxel
as a monotherapy or as combination therapy is recommended
for unresectable locally advanced, recurrent or metastatic gastric
adenocarcinoma (35). The current study presents the findings
of NDLS based chemotherapy in patients with gastric and GEJ
cancer in neoadjuvant and metastatic settings.
Neoadjuvant treatment remains the gold standard for the
treatment of locally advanced gastric cancer, which aims at
‘downstaging’ the tumor and eliminating the spread of tumor
cells or lymph node metastases (36). The available evidence
suggests a role for neoadjuvant docetaxel‑based chemotherapy
in downstaging the cancer, achieving complete surgical resec‑
tion and probably improving the outcome in patients with
locally advanced GAC (37).
A n OR R of 4 4 ‑70% has been repor ted wit h
docetaxel based regimens in neoadjuvant treatment of
gastric cancer (8‑10) whereas in our study, NDLS based
neoadjuvant chemotherapy demonstrated an ORR of 58.8%.
Yahyazadeh‑Jabbari et al, evaluated the efficacy and safety of
docetaxel/oxaliplatin/capecitabine (DOX) regimen in 49 patients
with resectable gastric and GEJ cancers, and reported an
ORR of 48.9% (8). Another study by Spigel et al showed an
ORR of 61% with DOX regimen in 49 patients with localized
carcinoma of the esophagus or gastroesophageal junction (9).
In our study, NDLS‑based DOX regimen resulted in an ORR
of 44.4% (4/9 patients) and a DCR of 88.9% (8/9 patients). The
combination of docetaxel/oxaliplatin/5‑FU (DOF regimen) as
neoadjuvant chemotherapy in the treatment of advanced gastric
cancer (n=68) showed an ORR of 70.6% (10). In our study,
NDLS based DOF regimen was administered in 6 patients in
the neoadjuvant setting and demonstrated an ORR of 66.7% and
DCR of 100%. Pathological response and R0 resection are potent
surrogate factors for evaluating the efficacy of neoadjuvant
chemotherapy (38,39); however, these were not available in the
present study, and the results are provided based on RECIST
1.1. In our study, at a follow‑up duration ranging from 0.7 to
41.2 months, the median OS was not reached with NDLS based
neoadjuvant chemotherapy; and 88.9% patients were alive at the
last follow‑up.
Docetaxel based regimens have been associated with
an ORR of 37‑73% in the treatment of metastatic gastric
cancer (11,40,41). In our study, NDLS based chemotherapy
showed an ORR of 77.77% and a median OS of 31.9 months for
patients receiving NDLS based chemotherapy in the metastatic
setting. The use of docetaxel for the treatment of metastatic
GAC as DCF regimen was approved by the US FDA based
on TAX 325 study (n=221), (11) which demonstrated an ORR
of 37%, and a median OS of 9.2 months (11). Another study
by the Swiss Group for Clinical Cancer Research reported an
ORR of 36.6% for DCF regimen in metastatic GAC (median
OS: 10.4 months) (40). In our study, patients receiving NDLS
based DCF regimen in the metastatic setting reported an
ORR of 80% (PR: 80%, 4/5 patients) and a DCR of 100%
[PR: 80% (4/5 patients), SD: 20% (1/5 patients)]. In a study
by Rosenberg et al, the DOF regimen resulted in an ORR of
73.2% in the treatment of metastatic or unresectable gastric or
GEJ adenocarcinoma (median OS: 10.3 months) (41). In our
study, NDLS based DOF regimen showed partial response in
all 5 patients evaluated in the metastatic setting (ORR: 100%).
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Polysorbate 80 and ethanol, which are used as formulation
vehicles in the conventional docetaxel formulation, have been
implicated in the AEs such as acute hypersensitivity reactions,
cumulative fluid retention, peripheral neuropathy (19), severe
nonimmunologic anaphylactoid reactions (20), injection‑site
reactions (21), and alcohol intoxication (22,23). Corticosteroid
premedication is generally used with docetaxel based chemo‑
therapy to circumvent the aforementioned AEs, however, these
AEs can still be observed despite premedication (24). In our study,
AEs like neurotoxicity, fluid retention and acute hypersensitivity
reactions were not reported with NDLS based chemotherapy.
Anemia, lymphopenia, thrombocytopenia and neutropenia were
the hematological AEs whereas nausea, vomiting, weakness and
hyperglycemia were the most common (≥10%) non‑hematolog‑
ical AEs reported in our study. Anemia (10.2%), nausea (10.2%)
and vomiting (6.1%) were the most frequent grade 3/4 AEs with
DOX regimen (8). In the study by Spigel et al, the most common
(≥5%) grade 3/4 nonhematologic AEs associated with DOX
regimen were anorexia (20%), esophagitis (20%), nausea (16%),
vomiting (16%), dehydration (16%), pulmonary symptoms (14%),
fatigue (12%), dysphagia (10%), diarrhea (8%), hyperglycemia
(6%) and sepsis (6%) (9). In the metastatic setting, the grade 3/4
AEs observed with the DCF regimen were: Neutropenia (82%),
stomatitis (21%), diarrhea (19%) and lethargy (19%) (11). In a
review by Di Cosimo et al, neutropenia was the most common
grade 3/4 AE occurring in 50‑81% patients with advanced gastric
cancer receiving docetaxel based triplet chemotherapy (42).
NDLS was mostly used at 75 mg/m2 in our study and was found
to be well‑tolerated. Severe grade 4 neutropenia and thrombo‑
cytopenia were reported in 1.9% and 3.9% patients. The most
commonly reported grade 3/4 AEs were lymphopenia (3.9%),
anemia, thrombocytopenia and neutropenia (1.9% each).
Corticosteroids premedication is routinely administered
in patients receiving conventional docetaxel to mitigate the
toxicity issues such as hypersensitivity and fluid retention (43).
In a recent study, Obradović et al used transcriptional profiling
of tumors and matched metastases in patient‑derived xenograft
models in mice and suggested the possible role of gluco‑
corticoid receptor (GR) activation resulting in breast cancer
progression and metastasis (44). Corticosteroid premedication
is not warranted with the NDLS formulation, especially when
used as monotherapy, hence, it may potentially help in circum‑
venting the risk of disease progression.
As this is a retrospective data collection study, lack of
completeness of data for safety as well as survival data is a
major limitation. Also, the details pertaining to tumor size and
resectability was not captured in the patient records, hence,
could not be presented for patients receiving NDLS in the
neoadjuvant setting. The progression‑free survival (PFS) could
not be captured in this study since, being a real‑world study,
the data on progression and serial scans were not available for
most of the patients at most of the follow‑up timepoints.
In conclusion, nanosomal docetaxel lipid suspension
(NDLS) based regimens were effective and well‑tolerated
in managing gastric cancer in neoadjuvant and metastatic
settings. This study provides valuable insights into the safety
and efficacy of NDLS based chemotherapy in the management
of gastric and gastroesophageal junction adenocarcinoma. A
clinical trial is underway to evaluate the safety and efficacy of
NDLS based treatment in gastric cancer.
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