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Taxanes-containing chemotherapy constitutes an essential backbone for both early and metastatic breast cancer (mBC). However, the two major taxane drugs—paclitaxel and docetaxel—have distinct safety profiles. In this review, we summarize the safety outcome and management following treatment with both taxanes from selected clinical trials. We utilized PubMed to perform literature search before April 2021. Five phase III randomized controlled trials with reports of individual taxane adverse events (AEs) were included in this review. Grade 3/4 AEs were summarized and discussed extensively. The rates of grade 3/4 neutropenia were higher with docetaxel than with paclitaxel. For non-hematologic grade 3/4 AEs, peripheral neuropathy was more frequent with paclitaxel while fluid retention was more frequent with docetaxel. Compared to paclitaxel, docetaxel had a higher rate of grade 3/4 gastrointestinal AEs. Grade 3/4 myalgia were generally comparable between the two taxanes. Except for neutropenia, the incidence rate of grade 3/4 AEs of taxanes was generally manageable. Peripheral neuropathy was more common with paclitaxel while grade 3/4 neutropenia was more common with docetaxel.
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1 Introduction

Breast cancer ranks among the top two most commonly diagnosed cancer worldwide. Despite a significant improvement in breast cancer management and availability of novel drugs in the past two decades, the mortality rate of breast cancer patients remains high (1, 2). An estimated 1,671,149 people were diagnosed with breast cancer, while 521,907 people die of breast cancer every year worldwide (3).

Taxanes, especially paclitaxel and docetaxelare chemotherapeutic agents commonly used to treat breast cancer. Paclitaxel was discovered in the extracts of the bark tissue of Pacific yew (Taxus brevifolia) in an NCI program in 1963, while docetaxel was extracted from the European yew (Taxus baccata) in a search for taxane drugs to improve survival (4, 5). Taxanes are approved by FDA and EMA for different cancers, including breast cancer, lung cancer, gastric cancer, and ovarian cancer (6).

Taxanes constitute one of the major chemotherapy backbones for breast cancer. In early breast cancer, the addition of taxanes to anthracyclines demonstrates a significant reduction in recurrence risk and risk of death in the CALGB 9344 and NSABP B30 trials (7, 8). In the metastatic setting, both paclitaxel and docetaxel have demonstrated significant activity in HER2 mBC (9, 10) and are both recommended as standard regimens by NCCN guidelines (ref to be provided). In HER2 mBC, the preferred 1st line treatment is dual HER2 blockade by trastuzumab plus pertuzumab, combined with docetaxel as a standard chemotherapy partner (11), although paclitaxel and nab-paclitaxel can be substituted (12). Animal studies showed that taxanes have synergistic therapeutic effect when used in combination with trastuzumab, with docetaxel showing direct NK Group 2 member D (NKG2D) receptors upregulation, which increases the antibody-dependent cellular cytotoxicity (ADCC) effects delivered via trastuzumab (13, 14). Current guidelines establish taxanes as an indispensable therapeutic option that is active and well-tolerated in both early and metastatic BC, highlighting the importance for medical and surgical oncologists to be familiarized with the efficacy and safety profiles of this group of chemotherapeutics.

The administration of taxanes can be a double-edged sword that requires additional considerations. In the past twenty years, many studies have focused on the discussion of taxane-related side effects. Given that more than half of the patients have their first breast cancer diagnosis over the age of 65, adequate management of symptoms associated with these agents is needed to improve quality of life (QoL), especially for patients with advanced disease (12, 15–17), who often may require dose reductions (4, 18).

Paclitaxel and docetaxel have a distinct safety profile, and require different premedications before use (19, 20). Hence, in this study, we aimed to comprehensively compare grade 3/4 AEs associated with paclitaxel and docetaxel tin published randomized controlled trials (RCTs), with a special focus on the management of adverse events. Our study aimed to systemically analyze the clinical applicability and ease of use of the two major taxanes, paclitaxel and docetaxel, in order to improve insight and knowledge of oncologists prescribing these regimens.



2 Methods

We adhered to Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) guidelines for conducting and reporting this systematic review. We aimed to compare the safety profile between the paclitaxel and the docetaxel.


2.1 Search strategy

To conduct this review, two authors (J.I.L, T.C.C) independently screened the articles in PubMed to retrieve randomized clinical trials published in PubMed before April 2021. Patients of interest were defined as patients with a diagnosed breast cancer. Keywords used to search appropriate studies included ((cancer[Title]) OR (malig*[Title]) OR (neopla*[Title]) OR (carcin*[Title])) AND ((docetaxel[Title/Abstract]) AND (paclitaxel[Title/Abstract])) AND ((trial[Title]) OR (study[Title])) AND (breast).

To be eligible, studies retrieved from PubMed, had to report grade 3/4 AEs of individual taxanes, either in the text or in supplementary appendix. To minimize cross-trial comparison conclusions as a potential source of bias, we only included phase 3 randomized trials that had both paclitaxel and docetaxel in the same trial (in different cohorts) in order to allow a meaningful comparison of AEs. Full-text articles were thoroughly examined by two independent authors to identify qualified articles and further discussed to resolve the discrepancies in the study selection. Grade 3/4 AEs from the included studies were extracted and summarized to compare the safety profile of paclitaxel and docetaxel.




3 Result


3.1 Study selection

Figure 1 shows the flow diagram of study selection. Our criteria for selecting clinical trials were mainly based on evaluability of reported adverse effects when paclitaxel or docetaxel was contained in the treatment regimen. A total of 120 studies were identified. Articles without full-text availability, reports not related to clinical trials, or not reported in English were excluded. The full-text of each article was thoroughly examined to determine if grade 3/4 AEs of taxanes were reported either in the text or in the supplementary appendix (if available). Overall 15 articles were selected, and five of them were randomized phase 3 studies satisfying inclusion in our study.




Figure 1 | Study searching diagram based on the PRISMA guideline.





3.2 Study characteristics

Table 1 presents the five studies included in our analysis comparing the grade 3/4 AEs of paclitaxel and docetaxel. Swain et al. (22) had an enrollment of the most patients (4,894 patients), followed by 1060 by Watanabe et al. (23) and 601 patients by Kelly et al. (21). Jones et al. (5) recruited 449 patients, while Cassier et al. (17) enrolled 210 patients with quality of life as primary endpoint.


Table 1 | Characteristics of the five eligible trials.



Two dosing schedules, weekly (QW) and tri-weekly (Q3W), were commonly used. The dose of tri-weekly paclitaxel was mainly 175 mg/m2. The dose of tri-weekly docetaxel was usually 75 mg/m2, except in the Jones’ trial (5), which used a dose of 100 mg/m2. Kelly et al. (21) compared tri-weekly docetaxel 75 mg/m2 to weekly paclitaxel 80 mg/m2. In Swain’s trial (22), docetaxel 75 mg/m2 was given every three weeks, while paclitaxel was given at 175 mg/m2 every three weeks.

Jones et al. used taxanes in recurrent metastatic breast cancer patients who had been previously treated with an anthracycline-based regimen. Swain et al. reported three cohorts of patients treated with taxanes in combination with doxorubicin and cyclophosphamide. Cassier et al. (17) reported patients receive taxanes (docetaxel or paclitaxel) in combination with doxorubicin for 4 cycles, followed by 4 cycles with the same taxane (either docetaxel or paclitaxel) in monotherapy for another 4 cycles. Kelly et al. (21) combined docetaxel with capecitabine. Watanabe et al. (23) reported four treatment groups: AC (doxorubicin/cyclophosphamide) containing-regimens (AC plus docetaxel or AC plus paclitaxel) versus the AC free-regimens (docetaxel or paclitaxel alone).

In Jones et al. (5), patients received premedication with dexamethasone before docetaxel and diphenhydramine and ranitidine or cimetidine before paclitaxel. For the prevention of neutropenia, Jones et al. used G-CSF as secondary prophylaxis (5), while Cassier et al. reported that around 10% of patients received prophylactic G-CSF (17).



3.3 Grade 3/4 adverse events

Table 2 and Table 3 summarize the grade 3/4 AEs in the five studies.


Table 2 | Grade 3 and 4 hematologic adverse events summarized from the included five trials.




Table 3 | Grade 3 and 4 non-hematologic adverse events summarized from the included five trials.




3.3.1 Hematologic abnormalities

The incidence of neutropenia, leukopenia, and febrile neutropenia were generally higher with docetaxel than with paclitaxel. Compared to docetaxel, Cassier and Swain both reported a higher rate of anemia with paclitaxel (0% vs. 1.3%, Cassier et al.; 0.2% vs. 1.6%, Swain et al.).



3.3.2 Non-hematologic abnormalities


3.3.2.1 Edema

Four of the five trials reported grade 3/4 edema; among these, three trials reported a lower incidence of grade 3/4 edema with paclitaxel than with docetaxel (Jones et al., 0.5% vs. 6.8%; Cassier et al., 0% vs. 2.8%; Watanabe et al., 0% vs. 12.6%). However, Kelly et al. reported a comparable incidence of grade 3/4 edema among two taxanes (0.3% vs. 0%). Overall, the incidence of grade 3/4 edema ranged from 0% to 0.5% wit paclitaxel, and 2.8% to 12.6% with docetaxel, indicating that peripheral edema was one of the more prominent side effects for docetaxel compared to paclitaxel.



3.3.2.2 Peripheral neuropathy

The incidence of peripheral neuropathy was generally low. Cassier et al. reported a higher rate of peripheral neuropathy with paclitaxel than with docetaxel (7.8% with paclitaxel vs. 0% with docetaxel). Kelly et al. reported a slightly higher rate of peripheral neuropathy with docetaxel (4.8%) than with paclitaxel (2.4%).

Kelly and Watanabe both reported higher incidences of motor neuropathy with docetaxel than with paclitaxel (2.3% vs. 5.0%, 0.4% vs. 1.3%, respectively). Jones et al. reported a higher incidence of sensory neuropathy with docetaxel (7.2% with docetaxel vs. 4.1% with paclitaxel), while Watanabe reported a higher incidence rate of sensory with paclitaxel (5.7% with paclitaxel vs. 3.8% with docetaxel).

Overall, the incidence of neuropathy was around 5% in most trials, and there was no consistent trend in favor of a given taxane in terms of occurrence.



3.3.2.3 Skin disorders and mucositis

Jones et al. and Kelly et al. showed low incidences of skin disorders with both paclitaxel and docetaxel (< 5%). The rate of mucositis was low and comparable between the two taxanes, except in Jones trial showing a higher incidence in the docetaxel group (10.8%).



3.3.2.4 Biochemical abnormalities regarding liver function

Watanabe et al. demonstrated a low rate of liver enzyme elevation in both groups (paclitaxel, 3.1%; docetaxel, 0.4%).



3.3.2.5 Gastrointestinal disorders

The docetaxel group had a slightly higher rate of gastrointestinal disorders than the paclitaxel group. Jones et al. reported a rate of 5.4% for both nausea and diarrhea in the docetaxel group versus 2.7% and 0.5% in the paclitaxel group, respectively. Swain et al. reported a rate of 6.8% for diarrhea in the docetaxel group versus 2.2% in the paclitaxel group. All trials reported low incidence rates of grade 3/4 vomiting and constipation for both taxane groups (less than 5% in all groups)



3.3.2.6 Pneumonitis

Drug induced pneumonitis, usually in the form of interstitial pneumonitis, has been associated with taxene use in multiple cancer types (24–26). The incidence of ILD related to docetaxel was estimated around 4.6% (26). In metastatic breast cancer studies, in the CALGB9840 trial which investigated weekly versus tri-weekly paclitaxel, the exact prevalence of pneumonitis was not reported, however grade 3/4 dyspnea was reported to be around 5-8% (27). In this study, 2 patients were reported to die of pneumonia (27). In the five phase III trials discussed in our study, only 1 study (22) reported 1 case of fatal pneumonitis on treatment (TAC regimen, docetaxel, doxorubicin and cyclophosphamide). In general, taxene associated pneumonitis has a relatively rare incidence in the breast cancer trials being reviewed, but is still potentially fatal and should be cautioned in patients receiving taxene treatment.






4 Discussion

Taxanes have been shown to significantly improve survival in patients with metastatic and adjuvant breast cancer. However, side effects caused by taxanes may lead to treatment discontinuation and impact treatment outcomes (28). Optimal management of AEs is important to optimize compliance and make sure treatment is completed as planned. In this sense, a thorough understanding of taxanes and their side effects is essential for better management for breast cancer patients. In this review, we carefully compared paclitaxel with docetaxel from reported clinical trials.

Docetaxel seemed associated with slightly higher incidences of grade 3/4 AEs, including hematologic disorders, edema, skin toxicities, and mucositis; while peripheral neuropathy was slightly higher for paclitaxel in most studies. The incidence of other AEs, such as myalgia, was comparable between docetaxel and paclitaxel.

Hematologic AEs are often dose-limiting and may be associated with neutropenic complications such as febrile neutropenia. Jones et al. noted a surprisingly high incidence rate of neutropenia (93.3%) in the docetaxel group. Such finding may be attributed to the relatively high dose of docetaxel and the patient characteristics. In this trial, docetaxel was given at a dose of 100 mg/m2 Q3W. Previous studies reported that neutropenia was dose-dependent, infusion-dependent, and was influenced by previous chemotherapy regimen used (4, 29–31). Prior myelotoxic therapy extent might determine the severity of neutropenia. In cancer, neutrophils are also often associated with myeloid-derived suppressor cells (MDSCs), which contribute to an immunosuppressive microenvironment (32). The findings that, in solid tumors and hematologic malignancies, including patients with breast cancer, grade ≥ 3 neutropenia or leukopenia during chemotherapy is consistently associated with improved overall survival, may also reflect the role of neutrophils in promoting cancer progression, although the effects of increased cytotoxic drug exposure should also be taken into consideration (33, 34). The greater incidence of grade ≥ 3 neutropenia with docetaxel compared with paclitaxel may explain the greater survival benefit with docetaxel compared to paclitaxel when both taxanes are given in similar conditions of administration (5). This is still speculation, and whether the onset or length of neutropenia can be prognostic still remains to be validated in further studies (35). The use of prophylactic G-CSF has been shown to drastically reduce the risk of neutropenic complications and shortens the hospitalization stay days in patients with chemotherapy-related myelosuppression (36–38) without impairing overall survival (39).

In this review, we found that the incidence rate of peripheral neuropathy, regardless of its origin (sensory or motor), was less than 10%. Jones et al. prespecified a taxanes dose reduction by 25% in patients experiencing grade 2 or greater neurotoxicity. The average number of treatment cycles for developing grade 2 or greater toxicity was around 4 cycles for both taxanes (371 mg/m2 for docetaxel prescribed at 100 mg/m2 per cycle and 715 mg/m2 for paclitaxel at 175 mg/m2). Peripheral neuropathy caused by paclitaxel and docetaxel has been reported to be dose- and time-dependent (4, 36, 40). It has been suggested that Cremophor EL, the solvent of paclitaxel, might contribute to ganglionopathy, axonopathy, and demyelination (4). Several studies have investigated possible drugs to alleviate the neurotoxicity, including tricyclic antidepressants and gabapentin, but all failed to show significant benefits (41–43). Pabst et al. indicated that peripheral neuropathy might impact the economic status of the patients. Other factors related to taxane-induced peripheral neuropathy (TIPN) included diabetes mellitus, overweight, alcohol use (15).

Less than 1% of the paclitaxel group developed grade 3/4 edema, compared to around 10% for the docetaxel group. In the past two decades, several premedication strategies aiming to reduce the rate of edema were developed. Previous studies show that the rate of fluid retention was 64.1% and serious fluid retention was 6.5%, both under the label-recommended dexamethasone 8 mg BID for three days (36). Behar et al. and Semb et al. reported that protein retention by capillary endothelium and drug-induced capillary loss could be a potential explanation (44, 45). Clinically, the median cumulative dose of docetaxel for developing fluid retention, regardless of severity, has been reported as high as 819 mg/m2, although 301 mg/m2 and 247 mg/m2 were also reported (45, 46). It has been suggested as a possible concern that standard 3-day dexamethasone premedication might lead to poor adherence and a higher incidence of infection caused by higher dose of dexamethasone use, which led to several new dexamethasone premedication strategies proposed. Chouhan et al. reported that the use of single intravenous 20-mg dexamethasone might be effective in reducing the rate of all-grade edema to 12.2% (47). Yoo et al. noted that a higher dose of dexamethasone did not significantly increase the infection rate (46). Diuretics may also be useful for the treatment of the fluid retention caused by taxanes (48).

Hypersensitivity reaction (HSR) is another commonly encountered adverse effect for taxane administration. Several studies have speculated that solvents used in taxanes might lead to these undesired side effects (4, 19, 49), and that solvents for paclitaxel can lead to neurotoxicity (4). Markman et al. reported a rate of 9% in hypersensitivity for the paclitaxel group while the manufacturing label described the incidence rate of 15.2% overall and 2.2% in serious hypersensitivity (50). Bookman et al. reported that a short course of glucocorticoids might reduce the rate of all-grade hypersensitivity to 4.6% (51). SC5b-9, a target protein for complement activation involving HSR, was reported to be slightly higher in the paclitaxel group than in the docetaxel group in vitro (19). SC5b-9 decreased significantly if pre-treated with dexamethasone and cimetidine (49). This is consistent with the commonly used premedication including both anti-histamine and glucocorticoid for paclitaxel to prevent hypersensitivity. It must be noted, however, preclinical studies have suggested that cimetidine may enhance delayed hypersensitivity in an animal model of burn injury (52). The clinical implications remain to be clarified whether cimetidine will adversely induce hypersensitivity in taxene treatment, and whether this is a class effect that involves other antihistamines or only to this drug alone.

In current clinical practice, paclitaxel is frequently administered weekly (QW), while docetaxel is usually given every three weeks (Q3W), although a 2-weekly administration of docetaxel has been shown to be as effective as a 3-weekly schedule with less hematological toxicity (53) and is recommended by SIOG guidelines for patients who are not fit enough to receive the standard schedule (54). Moreover, in the era of COVID-19, the Q3W dosing schedule offers a more patient-friendly regimen, which minimizes hospital visits and thus decreases the risk of infection. A study conducted by Early Breast Cancer Trialists’ Collaborative Group (EBCTCG) demonstrated the importance of adherence to chemotherapeutic agents especially for women aged less than 50 years old (55). This study highlights the advantages of a longer interval for treatment as well. In this scenario, docetaxel given in Q3W would be a more appealing treatment option, which may potentially improve the treatment compliance and adherence in the COVID-19 era.

There are three major limitations in our study. First of all, our review was unable to extract the safety information of single taxane treatment because the combinational therapy, which has been frequently shown to be superior to the monotherapy in the treatment of mBC (56, 57), was commonly used in most trials. Furthermore, few trials directly compared paclitaxel to docetaxel head to head. For example, PERUSE trial reported that paclitaxel and nab-paclitaxel could be substituted for docetaxel in the pertuzumab-trastuzumab-taxane regimen for HER2 mBC patients. However, we failed to retrieve specific grade 3/4 AEs event rate of either nab-paclitaxel, docetaxel, or nab-paclitaxel from the article. Secondly, patient compliance and patient-reported outcomes (PRO) were not discussed in our analysis; however, these aspects reflect the tolerability of taxane and are highly associated with drug’s safety. The recent discovery of the difference between patient-reported and physician-reported outcomes highlights the importance of PRO, which is considered to be valuable and clinically informative for treatment (58). Our review could not assess the patient’s quality of life (QoL), which is a more holistic surrogate for patient’s general well-being and tolerability. Also, detailed and quantitative QoL measurements were not commonly reported in earlier trials. This illuminated the further need for exploring the PROs between the taxanes.

In summary, taxanes are well-tolerated and active chemotherapy regimens for treatment in breast cancer, and after nearly two decades of widespread use, a considerable amount of experience has been accumulated. Our review highlights the common features for taxane-related side effects and provides further insights into how to better prevent and manage AEs. In our study, we reviewed grade 3/4 AEs associated with taxane-containing regimens. Our research concluded that most AEs are manageable. Grade 3/4 neutropenia is more frequently reported with docetaxel, but this side effect is commonly associated with a greater anti-tumor activity and can be easily prevented by prophylactic G-CSF use. We also highlight the importance of dexamethasone premedication strategies which are important to prevent the risk of fluid retention. One specific AE that addresses concern is peripheral neuropathy because it cumulative and can sometimes be irreversible. Further research for preventing neurotoxicity and investigating its optimal management are urgently needed.
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