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Introduction
Docetaxel is a second‑generation 
taxane, derived from the inactive 
10‑deacetylbaccatin III, extracted from the 
European Yew tree (Taxus baccata).[1] In 
the formulation of the innovator docetaxel, 
polysorbate 80 (Tween 80) is used as a 
solubilizer, stabilizer and as an emulsifier. 
The administration of docetaxel polysorbate 
80 formulation is through intravenous route 
by further diluting it in ethanol/water.[2]

A meticulous review of literature suggests 
that polysorbate 80 is responsible for 
causing hypersensitivity reactions when 
used as a solubilizer, not only with 
docetaxel but also with other chemotherapy 
agents.[3,4] Despite the premedications, 
10%–20% of the taxane pretreated patients 
experience hypersensitivity reaction 
with docetaxel.[5] Based on the mortality 
data, the United States Food and Drug 
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Abstract
Introduction: In order to overcome the polysorbate induced hypersensitivity reactions with 
chemotherapy drugs, novel drug‑delivery mechanisms have been developed in the last decade. 
D‑alpha‑tocopheryl polyethylene glycol succinate (TPGS) is formed by esterification of 
alpha‑tocopheryl succinate and polyethylene glycol 1000. Materials and Methods: This was 
a real‑world retrospective analysis designed to evaluate safety and efficacy of TPGS‑docetaxel 
in various cancers. Patients hospitalized between June 2018 and May 2019 were included in the 
data set. While the efficacy was assessed by the Response Evaluation Criteria in Solid Tumors 
criteria, safety was assessed by the National Cancer Institute Common Terminology Criteria‑adverse 
event (AE) criteria. Results: A total of 61 patients who received at least one dose of TPGS‑docetaxel 
were incorporated into the analysis set. The dose of TPGS docetaxel ranged from 20 mg/m2 to 
120 mg/m2, commonly prescribed dose being 75 mg/m2. While 25 (40.98%) patients had a partial 
response, 17 (27.86%) patients had stable disease. Five (8.19%) patients progressed and 4 (6.55%) 
patients died during the chemotherapy, which was adjudicated to be unrelated to the drug as opined 
by the treating clinician. AE were reported in 42 patients in the safety data set. There were no AEs 
pertaining to hypersensitivity reported during the study. One AE of Grade 3 hand foot syndrome was 
encountered. Conclusion: The preliminary evidence suggests that the novel TPGS‑based docetaxel 
formulation is efficacious in various cancers, and importantly, it has an enhanced safety profile, as it 
is devoid of polysorbate 80 induced hypersensitivity reactions.
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Administration (US FDA) has issued 
a “black box” warning on the package 
insert.[6] In order to overcome these 
adverse reactions, D‑alpha‑tocopheryl 
polyethylene glycol succinate (TPGS), a 
novel drug‑delivery mechanism, formed 
by esterification of alpha‑tocopheryl 
succinate and polyethylene glycol (PEG) 
1000, has been developed.[7] TPGS is 
a US FDA approved pharmaceutical 
adjuvant, a derivative of Vitamin E, 
which is water soluble and chemically 
comprises of a hydrophilic head portion 
and lipophilic alkyl tail.[8,9] TPGS acts as an 
absorption enhancer, emulsifier, solubilizer, 
permeation enhancer and a stabilizer.[7,9] 
Importantly, when co‑administered with 
a chemotherapy agent, TPGS has shown 
to enhance drug solubility and inhibit 
P‑glycoprotein mediated multidrug 
resistance.[10] In addition, properties of 
TPGS includes anti‑cancer activity and 
anti‑allergic actions mediated through 
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decreasing immunoglobulin E (IgE), leukotrienes and 
histamines. Hence, prudently, it has been formulated with 
chemotherapy agents such as paclitaxel, 5‑fluro uracil, 
cisplatin and mitoxantrone.[7,11,12] Figure 1 summarizes some 
properties of TPGS‑docetaxel.

In the context of docetaxel, given that docetaxel by itself 
can cause hypersensitivity reactions,[13‑15] TGPS‑based 
micelle drug delivery system may be advantageous, as it 
can encapsulate hydrophobic docetaxel and thereby prevent 
the exposure to nondesirable sites, leading to decreased 
hypersensitive reaction. Taking into account, first, that more 
drug is delivered at the site of action,[7] and second, the 
anti‑cancer and antidrug‑resistant properties of TPGS,[10,16] 
the new formulation may offer several advantages. 
Considering these factors and data from pharmacokinetic 
and pharmacodynamic study (unpublished data), the 
drug controller general of India has approved this 
formulation in 2013 without a Phase III study, as the active 
ingredient, docetaxel, was an established molecule with 
well‑documented adverse events (AEs). However, in spite 
of this, it is important to know the efficacy and safety of 
the new formulation in real‑world clinical settings and 
manage expectation postapproval. Therefore, we decided 
to observe the real‑world usage, prescribing pattern and 
outcomes of docetaxel TPGS, a novel formulation without 
polysorbate 80.

Materials and Methods
This was a real‑world retrospective analysis designed to 
evaluate safety and efficacy of TPGS‑docetaxel in various 
cancers. Patients hospitalized between June 2018 and 
May 2019 were included in the data set. Hospital medical 
records (electronic or physical), outpatient department 
registers and laboratory record values were used to extract 
the data. As this was a real‑world experience study, we 
used broad inclusion criteria to get a precise clinical 
picture of the patients who were administered the novel 
TPGS‑docetaxel preparation. Physicians had prescribed 

the medication according to their preference based on 
clinical evidence and local hospital protocols. Patients 
of either sex, patients above 18 years of age, and all 
patients given TPGS‑docetaxel for any of the following 
indications ‑ (a) patients with locally advanced or metastatic 
breast cancer, (b) patients with hormone‑refractory 
metastatic prostate cancer, (c) patients with locally advanced 
squamous cell carcinoma of the head and neck, (d) patients 
with advanced gastric adenocarcinoma, and (e) any other 
cancer which the investigator felt that TPGS docetaxel is 
useful, were included in the final analysis set.

Data were collected for knowing the patients baseline 
characteristics, comorbidities, dosage of docetaxel that was 
administered, efficacy and safety parameters. Further, to evaluate 
efficacy, the Response Evaluation Criteria in Solid Tumors 1.1 
was used.[17] The results were presented in terms of frequency 
percentage of patients for complete response, partial response, 
stable disease, and progressive disease categories. Severities of 
the AEs are graded from 1 to 5 according to the US National 
Cancer Institute Common Terminology Criteria‑AE criteria 
version 3.0.[18] The AEs were summarized as frequencies and 
percentages by type of reactions. Furthermore, in order to 
present the overall findings, descriptive statistics‑percentages, 
frequency was used as appropriate.

Results
Patient demographics

A total of 61 patients who received at least one dose of 
TPGS‑docetaxel were incorporated into the analysis 
set. Table 1 demonstrates the characteristics of the 
study population at baseline. The majority of the 
patients (43 [70.4%]) were females and the average age 
of the patients was 48.8 years. In the analyzed cohort, 
38 patients had a diagnosis of breast cancer (62.29%) 
10 patients had head and neck squamous cell 
carcinoma (6.1%), 5 patients had gastric cancer (8.19%), 
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Figure 1: Properties of tocopheryl polyethylene glycol succinate-docetaxel[9]

Table 1: Patient demographics
n (%)

Total number of patients 61
Sex distribution

Male 18 (29.5)
Females 43 (70.4)

Diagnosis
Breast cancer 38 (62.29)
HNSCC 10 (6.1)
Gastric cancer 5 (8.9)
HRPC 3 (4.91)
Carcinoma esophagus 1 (1.63)
Carcinoma cervix 1 (1.63)
Leiomyosarcoma 1 (1.63)
Metastatic adenocarcinoma 1 (1.63)
Carcinoma gall bladder 1 (1.63)

HNSCC – Head and neck squamous cell carcinoma; HRPC – Hormone 
resistant prostate cancer
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3 patients had hormone‑resistant prostate cancer (4.91%), 
and one patient each with carcinoma esophagus (1.63%), 
carcinoma cervix (1.63%), leiomyosarcoma (1.63%), 
adenocarcinoma of unknown primary, and 1 (1.63%) 
carcinoma gall bladder (1.63%).

Tocopheryl polyethylene glycol succinate docetaxel 
prescription

The dose of TPGS docetaxel ranged from 20 mg/m2 to 
120 mg/m2, with a most commonly prescribed dose of 
75 mg/m2 for head and neck squamous cell carcinoma, 
hormone‑resistant prostate cancer and gastric cancers. In 
breast cancer patients, in addition to the 75 mg/m2 dosage, the 
treating clinicians also employed a 60 mg/m2 dosage. Patients 
completed an average of 4.25 cycles of chemotherapy and 
each infusion with 100 ml of normal saline took 30 min.

Efficacy results

In the study, while 25 (40.98%) patients had a partial 
response, 17 (27.86%) patients had stable disease. Five 
(8.19%) patients progressed and 4 (6.55%) patients died 
during the chemotherapy [Table 2], which was adjudicated to 
be unrelated to the drug, as opined by the treating clinician.

Safety evaluation

AE were reported in 42 patients in the safety data set. All 
AEs are listed in Table 3. There were no AEs pertaining 
to hypersensitivity reported during the study. One AE of 
Grade 3 hand foot syndrome was encountered.

Discussion
Docetaxel is approved as the first‑line treatment option for 
advanced or metastatic breast, head and neck squamous 

cell carcinoma and non‑small cell lung cancer. Apart from 
the cancers mentioned above, docetaxel is also used in the 
treatment of numerous other malignancies.[6] In general, 
patients in real‑world settings tend to fare better than 
patients who are tested in controlled settings.[19] Although 
in our study, we have not presented the bifurcated results 
based on cancer types, the overall results suggest that 
42 (77%) patients had a stable or partial response with 
TPGS‑docetaxel. These results are agreeable with earlier 
studies, where patients on docetaxel had a response rate 
of 53%–82%.[20] Expectedly, in the Phase III trial, when 
docetaxel was used as a single agent, the response rate was 
much lower between 30% and 42%.[20,21]

The most common AEs reported in our study 
was fatigue (47.6%), followed by neurosensory 
symptoms (23.8%), pedal edema (23.8%), 
neutropenia (7.1%), hand‑and‑foot syndrome (4.7%), 
pleural effusion (2.3%) and mucositis (2.3%). It has to 
be emphasized that there were no hypersensitivity or 
anaphylactic reactions reported in this study. In terms of 
safety, the findings from a comprehensive drug review of 
docetaxel conducted by Figgitt and Wiseman[20] reveals that 
hypersensitivity reactions were reported in 31.3% patients, 
which was nil in this study owing to the nonimmunogenic 
property of the novel formulation. Further, hematological 
toxicities were reported in >90% patients receiving 
100 mg/m2 dose. However, in this study, since most 
of the patients received a lower dose of 75 mg/m2, the 
incidence of hematological AEs was understandably lower 
at 7%. Similarly, dermatological toxicities (64.3%) fluid 
retention (46.7%) and neurosensory AEs (47.9%) were 
higher in the previous reports compared to our study.

Collectively, the efficacy of the novel TPGS docetaxel 
formulation is consistent with previous literature, implying 
a robust outcome benefit. Importantly, in line with our 
hypothesis, TPGS‑docetaxel was associated with decreased 
rate of hypersensitivity reaction compared to polysorbate 
80 containing formulation. The mechanism responsible 
for this reduced hypersensitivity can be attributed 
to (1) PEG component being less immunogenic, (2) distinct 
property of the tocopheryl (Vitamin E) component, which 
inhibits immune‑mediators such as IgE, leukotrienes and 
histamines.[22‑24]

Although our study captured the clinical outcomes in terms 
of efficacy and safety, it was not without any limitation 
by virtue of its design. First, one could not capture 
progression‑free or overall survival in these patients. Since, 
the data were retrieved from the medical records; the 
patient follow‑up was limited till the subsequent visit to the 
hospital and not always till progression or death. Second, 
the overall data collection period was intended to capture 
the AEs and efficacy only on short‑term basis. Third, by 
the very nature of the retrospective design, there is an 
inherent flaw of missing data for the analysis. Finally, there 

Table 3: Summary of adverse events (n=42)
Total AE, n 

(%)
AE of Grade 3 or 

more, n (%)
Fatigue 20 (47.6) 0
Neurosensory symptoms 10 (23.8) 0
Pedal edema 5 (11.9) 0
Neutropenia 3 (7.1) 0
Hand foot syndrome 2 (4.7) 1
Pleural effusion 1 (2.3) 0
Mucositis 1 (2.3) 0
Hypersensitivity/anaphylaxis 0 0
AE – Adverse event

Table 2: Efficacy of tocopheryl polyethylene glycol 
succinate - docetaxel in various cancers

n (%)
Partial response 25 (40.98)
Stable disease 17 (27.86)
Progressive disease 5 (8.19)
Death 4 (6.55)
Not evaluable 2 (3.27)
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was no uniformity in dosing strength and frequency, and 
indications for prescribing, as every hospital followed their 
own protocol.

Conclusion
Although large data set of patients, who have been dosed 
uniformly with TPGS‑docetaxel would be necessary to 
draw robust inference, preliminary evidence suggests that 
the novel TPGS‑based docetaxel formulation is efficacious 
in various cancers, and importantly, it has an enhanced 
safety profile, as it is devoid of polysorbate 80 induced 
hypersensitivity reactions.
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