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Purpose: Research has revealed that some patients who develop resistance to the first taxane
treatment exhibit a moderate response to the second taxane treatment (incomplete cross-resistance
between paclitaxel and docetaxel). However, which patients are most likely to respond to the
second treatment remains unclear. The aim of this study was to determine the predictive factors
for the efficacy of the second taxane treatment in patients resistant to the first.

Patients and methods: We enrolled patients treated with paclitaxel and docetaxel (n=31)
in this study. Using univariate and multivariate analyses, we determined the predictive factors
for the efficacy of the second taxane treatment. Then, we assigned patients to one of the three
groups: 1) those with a partial response (PR) to the first taxane treatment who subsequently
became refractory (PR group); 2) those whose response was stable disease (SD) and subsequently
became refractory (SD group); and 3) those whose response was the progression of the disease
with the first taxane treatment (progression disease [PD] group). Furthermore, the response rates
were assessed for each group. All statistical analyses were performed using JMP 11.

Results: Responses to the first taxane treatment considerably correlated with the efficacy of
the second treatment in patients with a PR to the first taxane treatment (P=0.0061, univariate
analysis; P=0.0056, multivariate analysis). In addition, response rates to the second taxane
treatment in the PR, SD, and PD groups were 33.3%, 0%, and 0%, respectively.

Conclusion: The response to the first taxane treatment was a predictive factor for the efficacy
of the second taxane treatment in patients with a PR to the first. Thus, the second treatment is
highly recommended for patients who exhibit tumor shrinkage (a PR) by the first treatment.
Keywords: taxane, predictive factor, univariate analysis, multivariate analysis

Introduction
Taxanes (paclitaxel and docetaxel) are cytotoxic anticancer agents used to treat various
types of cancers. In patients with advanced-stage cancer, therapeutic options regard-
ing treatment with anticancer drugs are limited.' Although various anticancer drugs,
including taxanes, are known to be effective for various types of cancers,*® a few
options for anticancer drug treatment are available for patients with advanced cancer.
Hence, it is important to try all the available anticancer drugs with these patients.
Previously, several retrospective studies have reported an incomplete cross-
resistance between paclitaxel and docetaxel in various cancer types.’!? These studies
reported the moderate efficacy of the second taxane treatment in some patients who
became refractory to the first taxane treatment. Based on these findings, patients
refractory to the first taxane treatment have often been treated with the second taxane
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treatment. However, little research has been conducted on
the predictive factors for the efficacy of the second taxane
treatment in patients refractory to the first taxane.

The aim of this study was to determine the predictive fac-
tors for the efficacy of the second taxane treatment in patients
with various types of cancers who developed resistance to
the first taxane treatment.

Patients and methods

Patients

We retrospectively reviewed the medical records of patients
between 2005 and 2017 (n=2,233) with a histopathological
diagnosis of squamous cell carcinoma of the head and neck
or esophagus or adenocarcinoma of the stomach or breast
at the Department of Medical Oncology, Tohoku Univer-
sity Hospital (Sendai, Japan). In this study, we enrolled all
patients successively treated with paclitaxel and docetaxel
(either paclitaxel-docetaxel or docetaxel—paclitaxel; n=31).
In contrast, we excluded patients treated with anticancer
drugs other than the two taxanes.

Chemotherapy regimens

Patients with head and neck cancer and esophageal cancer
received recurrent docetaxel (70 mg/m?) infusions every 3
weeks or recurrent paclitaxel (100 mg/m?) once weekly for 6
weeks followed by 1 week rest. Patients with gastric cancer
received recurrent docetaxel (60 mg/m?) infusions every 3
weeks or recurrent paclitaxel (80 mg/m?) once weekly for 3
weeks followed by 1 week rest. Patients with breast cancer
received recurrent paclitaxel (80 mg/m?) once weekly for 3
weeks followed by 1 week rest. When the tumor progres-
sion or adverse event (allergy or interstitial pneumonia) was
observed in patients, the first taxane was changed to the
second one in this study.

Evaluation and statistical analysis

We assigned patients to one of the three groups. Patients in the
first group exhibited only a partial response (PR) to the first
taxane treatment (PR group; defined as a 230% reduction in
the diameter of measurable lesions on computed tomography
[CT]) and subsequently became refractory to the treatment.
The second group comprised patients whose response to
the first taxane treatment was stable disease (SD; SD group;
defined as a <30% reduction and a <20% increase in the
diameter of measurable lesions as shown on CT). Finally, the
third group comprised patients whose response was disease
progression (progression disease [PD] group; defined as a
=20% increase in the diameter of measurable lesions as

shown on CT). Notably, the responses were assessed using
the Response Criteria in Solid Tumor, version 1.0."* We com-
bined the rate of the complete response (CR; or all signs of
cancer disappearing with the taxane treatment) and PR and
used as the response rate. In addition, the rates of CR, PR,
and SD were combined and used as the disease control rate.
Then, all toxicities were reviewed from the medical records
and evaluated as per the Common Terminology Criteria for
Adverse Events, version 4.0." Furthermore, we performed
a univariate analysis, multivariate analysis, and Pearson’s
chi-squared test using JMP 11, version 13.1 (SAS Institute
Inc., Cary, NC, USA). We considered P=0.05 as the statisti-
cal significance.

Ethical statement
This study protocol was approved by the ethics committee
of Tohoku University Hospital.

The ethics committee of Tohoku University Hospital has
permitted to conduct retrospective studies without consent
statements by patients (opt-out system).

All data in the current study had no personal identifiers
and were kept confidential.

Results

Patients’ characteristics

We identified 31 patients who were successively treated with
paclitaxel or docetaxel during their treatment. Table 1 sum-
marizes the patients’ characteristics. The primary cancer sites
were the esophagus (n=14), stomach (n=12), head and neck
(n=4), and breast (n=1). While 19 patients were first treated
with paclitaxel, followed by docetaxel, 12 were first treated
with docetaxel, followed by paclitaxel. In addition, 28 patients
received, at least, one anticancer drug other than the taxanes.

Predictive factors for the efficacy of the

second taxane treatment

We conducted univariate and multivariate analyses to deter-
mine the predictive factors for the efficacy of the second
taxane treatment in patients who became refractory to the first
taxane and assess a correlation between both (Table 2). We
established statistically significant correlations between the
tumor shrinkage with the first taxane treatment and the tumor
shrinkage with the second taxane treatment (P=0.0061 and
P=0.0056, respectively). In addition, we analyzed the other
three factors, the time interval between the first taxane treat-
ment and the second, histology, and the order of the taxane
treatment that did not markedly correlate with the efficacy
of the second taxane treatment.
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Table | Patients’ characteristics

Number 31
Gender

Male 23

Female 8
Median age (range), years 63.5 (35-82)
Primary site

Head and neck 4

Esophagus 14

Stomach 12

Breast |
Order of the taxane treatment

PTX—DTX 19

DTX—PTX 12
Number of the metastatic sites

| 9

22 22
Tumor stage

11l |

v 30
The reason for changing from the first taxane to the second taxane

Tumor progression 29

Adverse event 2

Differentiation degree of histology
Well differentiation I
Intermediate differentiation 7
Poor differentiation 13

Operation history
+ 9
- 22

Comorbidity
Hypertension 6
Diabetes mellitus 10
Hyperlipidemia 3
Renal dysfunction

N

Hyperuricemia

Chemotherapy before the first taxane
Chemoradiotherapy with 5-FU+CDDP
CPTII
S-1+CDDP
Cetuximab+5-FU+CDDP
Radiation+CDDP
S-1+oxaliplatin
CPTI1+CDDP
None 3

Abbreviations: CDDP, cisplatin, CPTII, irinotecan; DTX, docetaxel; 5-FU,
5-fluorouracil; PTX, paclitaxel.

_—_- N W NN -

Efficacy of the second taxane treatment

Next, we assessed the efficacy of the second taxane treatment
in patients who were resistant to the first. We assigned patients
to either the PR group (n=12), SD group (n=5), or PD group
(n=14) and assessed the differences in the response rates in
each group (Table 3). Response rates to the second taxane
treatment in the PR, SD, and PD groups were 33.3%, 0%,
and 0%, respectively (Table 4). In addition, disease control

rates with the second taxane treatment in the PR, SD, and
PD groups were 58.3%, 40.0%, and 14.3%, respectively
(Table 4). All patients who exhibited tumor shrinkage with
the second taxane treatment were included in the PR group
(Figure 1). A large proportion of patients in the SD and PD
groups experienced the disease progression with the second
taxane treatment. The median progression-free survival time
of'the PR, SD, and PD groups was 124 days (95% CI: 72—-194
days), 77 days (95% CI: 35-86 days), and 55.5 days (95%
CI: 36-95 days), respectively (Figure 2). Based on the results
of the log-rank test, the progression-free survival rate of the
PR group was significantly higher than that of the SD and
PD groups (the PR group vs the SD group, P=0.0456; the
PR group vs the PD group, P=0.0087).

Toxicities

Table 5 presents the toxicities caused by the second taxane
treatment in the PR, SD, and PD groups. We observed severe
hematological toxicities in approximately 20% of the patients
in each group. In addition, we observed a few patients with
nonhematological toxicities (anorexia and fatigue) in each
group. However, no significant differences were observed in
the percentages of both hematological and nonhematological
toxicities among the three groups.

Discussion

In this study, we used univariate and multivariate analyses to
determine the predictive factors for the efficacy of the second
taxane treatment in patients refractory to the first treatment.
These findings suggest that tumor shrinkage by the second
taxane treatment is anticipated in patients who exhibited
tumor shrinkage with the first treatment, even when these
tumors become refractory to the first treatment.

In this study, we categorized patients into one of the three
groups (PR, SD, and PD groups; Table 3) and analyzed the
response rate of each group to the second taxane treatment.
The PR group comprised all patients who exhibited tumor
shrinkage with the second taxane treatment (Table 4 and
Figure 1). In the PR group, the progression-free survival rate
with the second taxane treatment was considerably longer
than that of patients in the SD and PD groups (Figure 2).
Prior studies reported that response rates to the second taxane
treatment in patients with gastric cancer, esophageal cancer,
and breast cancer resistant to the first taxane treatment were
12.8%, 20.0%, and 19.5%, respectively.”!! In this study, the
response rate to the second taxane treatment in the PR group
(33.3%) was higher than that reported previously, suggest-
ing that the determined predictive factor could be applied to
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Table 2 Univariate and multivariate analyses for the relationship between the tumor response by the first taxane treatment and the

tumor response by the second taxane treatment in patients who were resistant to the first taxane treatment

Variables n (%) Univariate analysis Multivariate analysis
(P-value) OR (95% CI) P-value

Gender
Male 23 (74.2) 0.1562 0.368 (0.02—-6.38) 0.4922
Female 8 (25.8)

Age, years
=70 6 (19.4) 0.3473 0.91 (0.03-21.37) 0.9064
<70 25 (80.6)

Interval duration between the first

taxane and second taxane (days)
260 13 (41.9) 0.5144 3.38 (0.23-49.64) 0.3738
<60 18 (58.1)

Histology
Squamous cell carcinoma 18 (58.1) 0.4320 0.45 (0.02-7.88) 0.5838
Adenocarcinoma 13 (41.9)

First taxane
DTX 12 (38.7) 0.4052 10.80 (0.55-210.58) 0.1164
PTX 19 (61.3)

Tumor shrinkage by the first taxane

treatment
Positive 12 (38.7) 0.0016 60.6 (2.27-1612.3) 0.0142
Negative 19 (61.3)

Number of prior line of treatments
Oor | 17 (54.8) 0.8270 1.3 (0.08-20.26) 0.8514
=2 14 (45.2)

Number of metastatic sites
Oor Il (35.5) 0.4052 1.92 (0.18-20.62) 0.5893
=2 20 (64.5)

Note: P-value was analyzed using Pearson’s chi-squared test.
Abbreviations: DTX, docetaxel; PTX, paclitaxel.

patients in whom tumors were highly expected to respond to
the second taxane treatment when tumors were refractory to
the first taxane treatment. Furthermore, no patient exhibited
tumor shrinkage with the second taxane treatment in either
the SD or the PD group, suggesting that the second taxane
treatment comprised only a weak ability to control tumor
growth in patients who did not exhibit tumor shrinkage with
the first taxane treatment.

Consistent with previous studies, the response rate to
the second taxane (paclitaxel) treatment in patients with
breast cancer who exhibited tumor shrinkage with the first
(docetaxel) treatment (24.1%) was higher than the response
rate in patients who did not exhibit tumor shrinkage with the
first (docetaxel) treatment (8.3%)."! These results supported
the idea that tumor shrinkage with the first taxane treatment
could be used as a predictive factor for a response to the
second treatment.

Reportedly, a variation in an isotype of B-tubulin in cancer
cells seemingly associated with the response to taxanes.'>'
In these studies, the BIII isotype of tubulin exhibited less

stability than other isotypes of tubulin. As taxanes affect
the stabilized B-tubulin,' the overexpression of BIII-tubulin
could be related to a poor response to paclitaxel or docetaxel.
In addition, the overexpression of BIII-tubulin was reported
to be a substantial cause of resistance to taxanes.'>!¢ Perhaps,
several patients in this study did not exhibit tumor shrinkage
by either paclitaxel or docetaxel because of this BIII-tubulin
mechanism.'>'® However, why all four patients who exhib-
ited tumor shrinkage with the second taxane treatment were
included in the PR group in this study cannot be explained
by such a mechanism. Reportedly, cancer cells treated with
taxanes expressed the multidrug resistance (MDR1) gene,"’
encoded the plasma membrane P-glycoprotein (ABCBI),
which acted as adenosine triphosphate (ATP)-dependent
efflux pump for taxanes. This mechanism leads cancer cells
to become refractory to taxanes.'” In the four patients who
exhibited tumor shrinkage with the second taxane treatment
in this study, ABCBI1 in their cancer cells might not have had
the ability to excrete the second taxane. If this hypothesis is
correct, it would clarify why all the patients who exhibited
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Table 3 Characteristics of patients in the first taxane PR, SD, and PD groups

First taxane First taxane First taxane P-value
PR, n (%) SD, n (%) PD, n (%)

n 12 5 14

Gender 0.04
Male 6 (50.0) 4 (80.0) 13 (92.9)
Female 6 (50.0) 1 (20.0) I (7.1)

Median age (range), years 62 (44-75) 64 (63-71) 65 (35-82)

Primary site 0.75
Head and neck 2 (l6.7) 1 (20.0) I (7.1)
Esophagus 5(41.7) 3 (60.0) 6 (42.9)
Stomach 4(33.3) 1 (20.0) 7 (50.0)
Breast 1 (8.3) 0(0) 0(0)

Order of the taxane treatment 0.37
PTX—DTX 9 (75.0) 2 (40.0) 8 (57.1)
DTX—PTX 3(25.0) 3 (60.0) 6 (42.9)

Relative dose intensity of the second taxane treatment (%) 85.5 (40.5-100) 86.0 (70.0-100) 85.7 (65.2-100)

Number of metastatic sites 0.67
0,1 4(33.3) 2 (40.0) 3(214)
22 8 (66.7) 3 (60.0) Il (78.6)

Tumor stage 0.07
11l 0 (0.0) 1 (20.0) 0 (0.0)
v 12 (100.0) 4 (80.0) 14 (100.0)

The reason for changing from the first taxane to second taxane 0.28
Tumor progression 11 (91.7) 4 (80.0) 14 (100.0)
Adverse event 1(8.3) 1 (20.0) 0 (0.0

Differentiation degree of histology 0.99
Well differentiation 4 (28.6) 2 (40.0) 5(41.7)
Intermediate differentiation 3(21.4) 1 (20.0) 3 (25.0)
Poor differentiation 5(35.7) 2 (40.0) 6 (50.0)

Operation history 0.83
+ 3(25.0) 2 (40.0) 4(28.6)
- 9 (75.0) 3 (60.0) 10 (71.4)

Comorbidity
Hypertension 2 (16.7) 1 (20.0) 3(21.4) 0.95
Diabetes mellitus 5(41.7) 2 (40.0) 3(21.4) 0.50
Hyperlipidemia 1(8.3) 1 (20.0) I (7.1) 0.69
Renal dysfunction 1(8.3) 1 (20.0) 2 (14.3) 0.79
Hyperuricemia 3 (25.0) 1 (20.0) 3(21.4) 0.97

Chemotherapy before the first taxane treatment 0.55
Chemoradiation therapy with 5-FU + CDDP 0 (0.0) 3 (60.0) 6 (42.9)
CPTII 5(41.7) 1 (20.0) 535.7)
S-1 + CDDP 3(25.0) 0(0) 4(28.6)
Cetuximab + 5-FU + CDDP 3(25.0) 0 (0) 0(0)
Radiation + CDDP 1 (8.3) 1 (20.0) 0 (0)
S-1 + oxaliplatin 0(0) 0 (0) I (7.1)
CPTI 1+ CDDP 0(0) 0(0) I (7.1)

Note: P-value was analyzed using the Pearson’s chi-squared test.

Abbreviations: CDDP, cisplatin; DTX, docetaxel; 5-FU, 5-fluorouracil; PD, progression disease; PR, partial response; PTX, paclitaxel; SD, stable disease; S-1, Tegafur/

Gimeracil/Oteracil.

tumor shrinkage with the second taxane treatment were
included in the PR group. However, the precise mechanism
remains unclear to date. Thus, further studies on cross-
resistance between the two taxanes are warranted.
Cabazitaxel is a next-generation taxane that has been
approved for metastatic castration-resistant prostate cancer.'®

A previous Phase III study reported that the median overall
survival time by a cabazitaxel-containing regimen in patients
who had progressed during or after a docetaxel-based regimen
was 15.1 months, which was markedly longer than that with
the control arm (12.7 months)."” Thus, cabazitaxel seems
to be modestly effective in patients refractory to docetaxel
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Table 4 Responses to the second taxane treatment in patients resistant to the first taxane treatment

Responses to the second taxane treatment RR (%) DCR (%)
CR PR SD PD

The first taxane PR group 0 4 3 5 333 58.3

The first taxane SD group 0 0 2 3 0 40.0

The first taxane PD group 0 0 2 12 0 14.3

Notes: P-value of the response rate in each group. The first taxane PR group vs the first taxane SD group (P=0.15), the first taxane PR group vs the first taxane PD group
(P=0.025), and the first taxane SD group vs the first taxane PD group (P-value cannot be calculated). P-value of the disease control rate in each group. The first taxane PR
group vs the first taxane SD group (P=0.68), the first taxane PR group vs the first taxane PD group (P=0.01), and the first taxane SD group vs the first taxane PD group

(P=0.23).

Abbreviations: CR, complete response; DCR, disease control rate; PD, progression disease; PR, partial response; RR, response rate; SD, stable disease.

PR group
_ 120 SD group
g 100 PD group
S >~ 80
- Q0
c£ 60
g,§ 40
§9 20
6 g 0
eSS 20
EE 40
85 -60
=~ g0

Figure | Waterfall plot of the maximum percentage change in tumor volume.
Note: Waterfall plot of the maximum percentage change in tumor volume with the
second taxane treatment from baseline in patients in the PR group (green columns),
SD group (blue columns), and PD group (red columns).

Abbreviations: PD, progression disease; PR, partial response; SD, stable disease.

PR group
SD group
PD group
10 PR vs. SD P=0.0456 (log-rank test)
PR vs. SD P=0.0087 (log-rank test)
0.8
Q
)
£ 06
22
55
g3 0.4
o
0.2
0.0
0 50 100 150 200 250 300 350 400

Days

Figure 2 Kaplan—Meier curve.

Note: Kaplan—Meier curve of the progression-free survival rate with the second
taxane treatment in the PR group (green line), SD group (blue line), and PD group
(red line).

Abbreviations: PD, progression disease; PR, partial response; SD, stable disease.

therapy. Of note, it is intriguing to assess whether cabazitaxel
therapy has higher efficacy in patients who exhibited tumor
shrinkage by docetaxel therapy than in patients who did not
exhibit tumor shrinkage by docetaxel therapy.

This study has some limitations. First, this study enrolled
a low number of eligible patients. Second, the study was
retrospective in nature. Third, the fact that we did not enroll
patients with lung and ovarian cancer, for whom taxane is
an approved treatment, is another major limitation. Fourth,
the basal condition varied among the three groups. Although
the tumor volume of those in the PR group was decreased
by the first taxane treatment, the tumor volume of those in
the SD and PD groups was not decreased by the first taxane
treatment. In addition, tumors in patients in the SD and PD
groups might exhibit a low reactivity to taxanes compared
with patients in the first taxane PR group. However, all tumors
inthe PR and SD groups became refractory to the first taxane
treatment before the second taxane treatment was started.
Thus, the tumors in all three groups were growing when the
second taxane treatment was initiated. Hence, it should be
emphasized that tumor shrinkages were observed only in
patients in the first taxane PR group.

Conclusion
The second taxane treatment after a PR to the first is
highly recommended. Nevertheless, further studies are
warranted to investigate the efficacy of the second tax-
ane treatment in patients who are refractory to their first
taxane treatment.
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Table 5 Toxicities caused by the second taxane treatment in the first taxane PR, SD, and PD groups

Adverse events First taxane PR (n=12) First taxane SD (n=5) First taxane PD (n=14) P-value
Hematological toxicities, n (%)
Neutropenia
Any 6 (50.0) 2 (40.0) 5(35.7) 0.858
ZGrade 3 3(25.0) 1 (20.0) 3(21.4) 0.989
Nonhematological toxicities
Anorexia
Any 3(25.0) 1 (20.0) 2 (14.3) 0.840
=Grade 3 1(8.3) 0(0) I (7.1) 0.819
Fatigue
Any 541.7) 2 (40.0) 2(14.3) 0.306
ZGrade 3 1(8.3) 1 (20.0) I (7.1) 0.674
Neuropathy
Any 2 (l6.7) 1 (20.0) I (7.1) 0.697
ZGrade 3 0(0) 0(0) 0(0)
AST, ALT elevated
Any 1(8.3) 0(0) 0(0) 0.470
=Grade 3 0(0) 0(0) 0(0)
Diarrhea
Any 1(8.3) 0(0) 0(0) 0.470
2Grade 3 0(0) 0(0) 0(0)

Note: P-value was analyzed using the Pearson’s chi-squared test.

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; PD, progression disease; PR, partial response; SD, stable disease.
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