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Persistent pain, sensory disturbances and functional impairment
after adjuvant chemotherapy for breast cancer: Cyclophosphamide,
epirubicin and fluorouracil compared with docetaxel + epirubicin
and cyclophosphamide
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Abstract

Background. Taxanes used in adjuvant therapy for breast cancer are neurotoxic, and thereby being a potential risk factor
for persistent pain after breast cancer treatment (PPBCT) and sensory disturbances. The purpose was to compare patients
treated with cyclophosphamide, epirubicin and fluorouracil (CEF) and cyclophosphamide and epirubicin + docetaxel
(CE+T7T) in relation to PPBCT, sensory disturbances, peripheral sensory disturbances and functional impairment. Material
and methods. A comparative nationwide cross-sectional questionnaire study on two cohorts treated with CEF respectively
CE +T, based on the Danish Breast Cancer Cooperative Groups database. Inclusion criteria: women treated with chemo-
therapy as adjuvant treatment for primary breast cancer, age 18-69 years, without recurrence. Results. One thousand two
hundred and forty-one patients allocated to CEF in 2005-2006 and 1652 patients allocated to CE +T in 2007-2008 were
included. Six hundred and sixty-four (53%) with CEF and 861 (53%) patients with CE +T reported pain. In the multi-
variate analysis including available risk factors, CE +T did not confer an increased risk of PPBCT, OR 0.95 (95% CI
0.81-1.11), p=0.52, compared to CEF. Patients treated with CE +T had a lower risk of sensory disturbances in the area
of surgery compared with CEF, OR 0.75 (95% CI 0.62-0.90), p =0.002. More CE +T patients reported peripheral sensory
disturbances in the hands, OR 1.56 (95%CI 1.27-1.92), p <0.0001, and in the feet, OR 2.0 (95% CI 1.66-2.42) p <0.0001,
compared to CEF. There was no difference in functional impairment (p=0.62). Conclusion. Docetaxcel as adjuvant
treatment for breast cancer does not increase the risk of PPBCT, sensory disturbances in the surgical area or functional
impairment, but increase risk for peripheral sensory disturbances.

Several meta-analyses have shown that paclitaxel and
docetaxel reduce the risk of recurrence and death
after breast cancer by 20-30% and reduce the abso-
lute risk of recurrence and death after five years by
5% and 3%, respectively [1—4]. This made the Dan-
ish Breast Cancer Cooperative Group (DBCG)
introduce docetaxel (Taxotere®) into the adjuvant
setting in the beginning of 2007 by adding three
cycles of docetaxel subsequent to three cycles of epi-
rubicin and cyclophosphamide (CE +T) replacing a
treatment protocol with seven cycles cyclophosph-
amide, epirubicin and fluorouracil (CEF). Chemo-
therapy-induced neuropathy is a common side effect

of several cytotoxic agents such as vinca alkaloids,
platinum agents and taxanes, and affects the nervous
system via different pathophysiological mechanisms
[5,6]. Taxanes may induce a predominantly periph-
eral sensory neuropathy associated with numbness
and paresthesias, often described by patients as
stocking and glove sensation [5]. However, detailed
knowledge about taxane induced neuropathy after
breast cancer treatment is lacking due to small stud-
ies with a high degree of heterogeneity [7]. Further-
more, the neurotoxicity exerted by taxanes may be
important in breast cancer, where persistent pain
after breast cancer treatment (PPBCT) affects

Correspondence: K. G. Andersen, Section for Surgical Pathophysiology, 4074 Rigshospitalet, Copenhagen University, Blegdamsvej 9, DK-2100 Copenhagen,
Denmark. Tel: +45 35454236/+45 26258003. Fax: +45 35457157. E-mail: kenneth.geving.andersen@rh.regionh.dk

(Received 13 March 2012; accepted 4 May 2012)

ISSN 0284-186X print/ISSN 1651-226X online © 2012 Informa Healthcare

DOI: 10.3109/0284186X.2012.692884



Docetaxel as a risk factor for PPBCT and sensory disturbances 1037

between 25-60% of the patients and sensory distur-
bances in the area of surgery is reported by 31-85%
depending on which treatment the patients have
received [8]. A recent review of the PPBCT literature
indicates a complex pathophysiology with several
pre-, intra- and postoperative risk factors [9], includ-
ing young age, axillary lymph node dissection
(ALND) and radiation therapy as the most influen-
tial [9].The influence of chemotherapy on PPBCT
pathophysiology is poorly defined, mainly because of
the lack of detailed information on type of treatment
and proper stratification according to surgical and
adjuvant treatment [9]. We have previously reported
that CEF had no influence on PPBCT in a nation-
wide study on prevalence and risk factors for PPBCT
and sensory disturbances in the surgical area [8].The
purpose of this study was therefore to compare a
nationwide cohort, treated with CE+T with the
nationwide cohort treated with CEF, in order to
assess differences of the: 1) prevalence and charac-
teristics of PPBCT and sensory disturbances in sur-
gical area to clarify any role of chemotherapeutics in
PPBCT pathophysiology; 2) prevalence of symptoms
of symmetric peripheral sensory disturbances; and 3)
functional impairment to evaluate the consequences
of any differences.

Material and methods

The study is a comparative nationwide cross-
sectional questionnaire study, comparing a cohort
allocated to seven series of CEF for breast cancer in
2005-2006, hereafter referred to as the CEF cohort,
with a cohort allocated to three series of CE followed
by three series of docetaxel for breast cancer in
2007-2008, hereafter referred to as the CE+T
cohort. Patients were identified in the national
database managed by DBCG, which prospectively
collects detailed clinical data, including disease char-
acteristics and treatment [10,11], enabling eligible
breast cancer patients treated in Denmark in the period
to be contacted. Collection of data was done in a uni-
form manner and at two occasions. The study was
approved by the Regional Bioethics committee of the
capital region in Denmark, H-1-2010-028 and the
Danish Data Protection Agency. The study is registered
in clinicaltrials.gov, NCT01279018.

Population

Patients were identified in the DBCG database, with
identical inclusion criteria in both cohorts: women
aged between 18-69 years, primary operable breast
cancer, who received chemotherapy for unilateral
disease between 2005 and 2008. Exclusion criteria
for both cohorts were contraindication to treatment

according to the DBCG treatment protocol, recon-
structive or cosmetic surgery, contralateral- recur-
rent-, new primary cancer, distant metastasis and
other malignancy. Data on the CEF cohort was
obtained from a larger cohort including all patients
treated for breast cancer between 2005 and 2006, as
described elsewhere [8]. Data collection on the
CE +T cohort started on 11 November 2010, where
a questionnaire identical to the one used in the CEF
cohort was sent out. Patients not responding to the
first inquiry received a reminder on 6 December 2011
and the data collection closed on 6 January 2011.

Treatment

The surgical treatment was performed according to
DBCG guidelines and was the same between the two
cohorts and included either mastectomy or breast con-
serving surgery (BCS) with either sentinel lymph node
biopsy (SLNB) or axillary lymph node dissection
(ALND) levels I and II. The guidelines for allocation
to radiotherapy, was the same between the cohorts. The
CEF cohort received seven series of CEF according to
the DBCGO04 protocol. The CE+T cohort received
treatment according to the DBCGO7 protocol. Both
protocols were based on the recommendation from the
International Expert Consensus on Primary Therapy
of Early Breast Cancer in 2003 [12] and 2005 [13],
respectively. The CE+T cohort received sequential
chemotherapy with three week intervals with three
series of epirubicin 90 mg/m? and cyclophosphamide
600 mg/m? followed by three series of docetaxel 100
mg/m?. Patients with hormone receptor positive tumor
were offered endocrine treatment. Premenopausal
patients were offered tamoxifen, while postmenopausal
patients were offered 2.5 years with tamoxifen followed
by 2.5 years with an aromatase inhibitor.

Outcomes

The study questionnaire developed for the assessment
of PPBCT, sensory disturbances and functional impair-
ment in the 2005-2006 cohort [8,14] was used again
to ensure comparability. This questionnaire uses
accepted means of measure pain [15], and was content
validated in the breast cancer population [8]. The pri-
mary outcome was the risk associated to the use of
docetaxel, expressed as an odds ratio, for the develop-
ment of PPBCT assessed in a model containing data
from both cohorts. PPBCT was defined as presence of
pain in the breast, side of chest, axilla or arm on the
operated side more than 12 months after surgery. Sec-
ondary outcomes were intensity and frequency of pain
in the four localizations, sensory disturbances in the
surgical area, sensory disturbances in the hands and
feet, and functional impairment. Questions addressing
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prevalence of pain were assessed dichotomously with
yes/no questions. Patients were then asked systemati-
cally to specify pain according localization, intensity
and frequency. Intensity was assessed on a 0-10
numerical rating scale (NRS) and reported as light
pain NRS 1-3, moderate pain NRS 4-7 and severe
pain NRS 8-10. Frequency was assessed on a 3-point
verbal scale: 1) every day or almost every day; 2) one
to three days a week; 3) more rarely. Sensory distur-
bances were assessed by a dichotomous yes/no ques-
tion, and the localization was specified. Symmetric
peripheral sensory disturbance was assessed by asking
if the patient experienced pain, sensory disturbance or
discomfort in the hands and in the feet, and then
whether this was present in both sides. Symmetric
peripheral sensory disturbances were regarded present
if symptoms were present both sides. Functional
impairment was assessed by asking whether or not the
patient have had to give up any activities because of
the treatment. Treatment data were provided from
the DBCG. Data on mortality were provided by the
Danish Civil Registration System and data on patients
who had received reconstructive surgery were acquired
from the Danish National Patient Registry.

Statistics

The analysis of data was made by the DBCG data
center. Multivariate logistic regression models were
analyzed separately for each cohort to evaluate influ-
ence of age, surgical procedure, radiotherapy, endo-
crine therapy and time since surgery. Then the two
cohorts were combined in models to examine the
influence of docetaxel on pain, sensory disturbances
in the surgical area, symmetric peripheral sensory
disturbances in hands and feet and functional limita-
tions. Using Proc Logistic in the SAS version 9.2
(SAS Institute, Cary, NC, USA), following factors
were included: type of breast surgery (BCS vs. mas-
tectomy), type of surgery in axilla ALND vs. SLNB,
radiotherapy (breast radiotherapy (BRT)/anterior
thoracic radiotherapy (ATRT) + locoregional radio-
therapy (LRRT) vs. BRT vs. none), year of surgery,
age, endocrine therapy (tamoxifen or aromatase
inhibitor vs. none) and in the combined model: che-
motherapy (CEF vs. CE+T). Adjusted odds ratios
(OR) and 95% confidence intervals (CI) were calcu-
lated, and Wald y>-test was used to test the overall sig-
nificance of each parameter. All OR noted in the text
are adjusted OR. Differences between pain intensity in
the two cohorts (Table I) and localization of sensory
disturbances were tested using the y?-test.Tests for
interactions between the two cohorts and covariates on
pain, sensory disturbances and functional impairment
were done in separate models using Wald test
statistics, and no interactions were found.

Results
Participants

One thousand two hundred and forty-one patients
treated with CEF for breast cancer in Denmark between
2005-2006 fulfilled the inclusion criteria and responded
to the questionnaire in 2008 (response rate 87%) [8].
Two thousand five hundred and fifty-four patients were
enrolled into a protocol led treatment program with
CE +T in Denmark from 2007 to 2008. Three hundred
and thirteen were excluded because of reconstructive
surgery, six patients had emigrated, and 206 patients
were excluded because of recurrent cancer, contralat-
eral breast cancer another malignancy or death. Two
thousand and twenty-nine patients received the ques-
tionnaire. There were 365 non-responders, five declined
to participate and seven patients who could not be
reached. One thousand six hundred and fifty two ques-
tionnaires were included in the analysis, an overall
response rate of 82% in the CE +T cohort.Thus, a total
of 2893 patients from the two cohorts were included in
the analysis.

Descriptive data

Mean ages at surgery was 49.8 years in the CEF cohort
and 51.9 years in the CE+T cohort (p=0.0001).
Mean time from surgery to return of questionnaire was
in the CEF cohort 25 months and in the CE+T
cohort 34 months. The difference in follow-up was
further analyzed in a sensitivity analysis, which did not
change the estimates of any of the outcomes.

Pain

Six hundred and sixty-four (53%) in the CEF cohort
and 861 (53%) patients in the CE +T cohort reported
pain in the breast area, side of chest, axilla or arm on
the operated side. Pain intensities and frequencies
were similar (Table I). The multivariate analysis
including age, type of surgery, time since surgery,
radiotherapy, endocrine therapy and chemotherapy
showed that docetaxel did not modify the risk of
reporting PPBCT, OR 0.95 (95% CI 0.81-1.11),
p = 0.52. Risk factors associated to PPBCT in both
cohorts were young age, axillary lymph node dissec-
tion (ALND) and in the CE +T cohort also radio-
therapy and shorter time since surgery (Table II).

Sensory disturbances in the breast area, side of chest,
axilla and arm on the operated side

Of the patients in the CEF cohort, 851 (70%) and
of the CE +T cohort 1034 (64%) reported sensory
disturbances in the breast area, side of chest, axilla
or arm on the operated side. Of patients reporting
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Table 1. Pain intensity and frequency in patients treated with chemotherapy in Denmark 2005-2008.

CEF Cohort CE+T Cohort

Light N Moderate N Severe N Total Light N Moderate N Severe N  Total
(%) (%) (%) N (%) (%) (%) N

Breast area
Every day or almost every day 114 (46) 107 (43) 27 (11) 248 148 (49) 121 (40) 34 (11) 303

1-3 times a week 94 (57) 67 (40) 5 (3) 166 122 (58) 84 (40) 3 (2 @ 209
More rarely 108 (77) 31 (22) 1D 140 129 (69) 51 (27) 7 @) 187
Total 316 205 33 554 399 256 44 699

Side of body
Every day or almost every day 72 (45) 67 (42) 21 (13) 160 98 (48) 80 (39) 26 (13) 204

1-3 times a week 67 (55) 51 (41) 5 (4 123 72 (53) 58 (42) 7 (5) 137
More rarely 63  (75) 20 (24) 1 84 87 (67) 38 (29) 5 (@) 130
Total 202 138 27 367 257 176 38 471
Axilla
Every day or almost every day 79 (45) 66 (38) 29 (17) 174 103 (45) 94 (41) 33 (14) 230
1-3 times a week 69 (59) 40 34) 8 (1) 117 90 (58) 58 (37) 7 (5 155
More rarely 81 (76) 23 21 3 (3 107 123 (80) 28 (18) 3 (2 154
Total 229 129 40 398 316 180 43 539
Arm
Every day or almost every day 64 (32) 87 (44) 48 (24) 199 72 (29) 118 (47) 61 (24) 251
1-3 times a week 53 (51) 44 (43) 6 (6) 103 70 (50) 62 (44) 8 (56) 140
More rarely 55  (73) 18 (24) 2 (3 75 67 (66) 33 (33) 1 (D 101
Total 172 149 56 377 209 213 70 492

Pain intensity reported on a 0—10 numerical rating scale (NRS). Light pain, NRS 1-3; moderate pain, NRS 4-7; severe pain, 8-10.

Table II. Pain among breast cancer patients treated with adjuvant chemotherapy in Denmark 2005-2008 adjusted for age, type of surgery,
radiotherapy, endocrine therapy and follow-up.

CEF cohort CE +T cohort
+ Pain -Pain Adj 95% + Pain N - Pain Adj. 95%
N (%) N (%) OR CI P-value (%) N (%) OR CI P-value
Total 664 (53) 556 (67) 861 (53) 770 (67)
Age =39 88 (65) 47 (35) 2.52 1.55;4.12 0.0005 69 (56) 55 (44) 1.67 1.03;2.69 0.03
40-49 301 (59) 208 (41) 1.96 1.31;2.92 267 (58) 196 (42) 1.68 1.14;2.47
50-59 200 (51) 194 (49) 1.41 0.97;2.05 438 (53) 396 (47) 1.33 0.93;1.92
60-69 75 (41) 107 (59) 1 87 (41) 123 (59) 1
Surgery
Breast  Mastectomy 246 (53) 219 (47) 0.84 0.60;1.18 0.33 288 (50) 286 (50) 0.90 0.67;1.20 0.46
BCS 418 (55) 337 (45) 1 573 (54) 484 (46) 1
Axilla ALND 450 (58) 320 (42) 1.57 1.10;2.24 0.01 604 (57) 450 (43) 1.46 1.08;1.98 0.01
SLNB 214 (48) 236 (52) 1 257 (45) 320 (55) 1
RT LRRT + 335 (59) 233 (41) 1.14 0.75;1.73 0.82 457 (59) 314 (41) 1.83 1.26;2.65 0.007
BRT/ATRT
BRT 247 (52) 229 (48) 1.14 0.69;1.89 320 (50) 319 (50) 1.58 1.02;2.45
None 82 (47) 94 (53) 1 84 (38) 137 (62) 1
ET + 378 (58) 276 (42) 0.96 0.74;1.26 0.78 610 (56) 489 (44) 1.09 0.85;1.41  0.48
- 286 (51) 280 (49) 1 251 (47) 281 (53) 1

Year of 2005/2007 317 (54) 272 (46) 0.94 0.74;1.18 0.58 371 (50) 366 (50) 0.81 0.67;0.99  0.04
surgery
2006/2008 347 (55) 284 (45) 1 490 (55) 404 (45) 1

ALND, axillary lymph node dissection; ATRT, anterior thoracic radiotherapy corresponding to anterior thoracic wall; BCS, breast
conserving surgery; BRT, breast radiotherapy corresponding to residual breast tissue; ET, endocrine therapy with either tamoxifen or
aromatase inhibitor; LRRT, locoregional radiotherapy corresponding to periclavicular, axillary level 3, and for right side cancers, the
internal mammary nodes; RT, radiotherapy; SLNB, sentinel lymph node biopsy; Year of surgery, patients treated in 2005 vs. 2006 for the
CEF cohort, and 2007 vs. 2008 for the CE +T cohort.
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Table III. Sensory disturbances in the surgical area among breast cancer patients treated with adjuvant chemotherapy in Denmark
2005-2008 adjusted for age, type of surgery, radiotherapy, endocrine therapy and follow-up.

CEF cohort CE+T cohort
+ Sensory  —Sensory Adj. + Sensory  -Sensory  Adj.
dist. N (%) dist. N (%) OR  95%CI P-value dist. N (%) dist. N (%) OR 95%CI  P-value
Total 851 (70) 367 (30) 1034 (64) 580 (36)
Age =39 113 (84) 22 (16) 4.14 2.24;7.63 <.0001 90 (72) 35 (28) 2.85 1.65;4.90 <0.0001
40-49 377 (75) 127 (25) 2.07 1.32;3.25 336 (73) 127 (27) 2.45 1.59;3.77
50-59 263 (66) 135 (34) 1.41 0.93;2.13 507 (62) 317 (38) 1.27 0.86;1.89
60-69 98 (54) 83 (46) 1 101 (50) 101 (50) 1
Surgery
Breast Mastectomy 364 (77) 110 (23) 0.78 0.50; 1.21 0.27 407 (72) 161 (28) 0.87 0.61;1.23 0.43
BCS 487 (65) 257 (35) 1 627 (60) 419 (40) 1
Axilla ALND 650 (84) 128 (16) 5.92 3.82;9.19 <.0001 807 (77) 243 (23) 3.70 2.67;5.13 <0.0001
SLNB 201 (46) 239 (54) 1 227 (40) 337 (60) 1
RT LRRT + 478 (83) 96 (17) 0.62 0.36;1.06 0.08 600 (78) 168 (22) 0.93 0.60;1.43 0.007
BRT/ATRT
BRT 247 (53) 216 (47) 0.51 0.28;0.94 2906 (47) 333 (53) 0.53 0.32;0.86
None 126 (70) 55 (30) 1 138 (64) 79 (36) 1
ET + 495 (76) 158 (24) 1.18 0.86;1.62 0.32 745 (68) 350 (32) 1.26 0.95;1.67 0.10

- 356 (63) 209 (37) 1

Year of

surgery 2006/2008 441 (70) 190 (30) 1

289 (56) 230 (44) 1

2005/2007 410 (70) 177 (30) 0.93 0.71;1.22 0.60 448 (62) 279 (38) 0.81 0.64;1.01 0.06

586 (66) 301 (34) 1

ALND, axillary lymph node dissection; ATRT, anterior thoracic radiotherapy corresponding to anterior thoracic wall; BCS, breast
conserving surgery; BRT, breast radiotherapy corresponding to residual breast tissue; ET, endocrine therapy with either tamoxifen or
aromatase inhibitor; LRRT, locoregional radiotherapy corresponding to periclavicular, axillary level 3, and for right side cancers, the
internal mammary nodes; RT, radiotherapy; SLNB, sentinel lymph node biopsy; Year of surgery, patients treated in 2005 vs. 2006 for the

CEF cohort, and 2007 vs. 2008 for the CE +T cohort.

sensory disturbances, this was most prevalent in the
axilla (67%) and the arm on the operated side (56%).
There were no significant differences between the
cohorts on localization of sensory disturbances. In
the multivariate analysis young age and ALND were
found as risk factors in both cohorts (Table III).
Patients treated with docetaxel had a significantly
lower risk of reporting sensory disturbances, OR
0.75 (95% CI 0.62-0.90, p =0.002).

Symmetric peripheral sensory disturbances in
hands/fingers and feet/toes

In the CEF cohort 175 (15%) patients reported sen-
sory disturbances in both hands, compared to 363
(23%) among patients in the CE +T cohort. In the
multivariate model, docetaxel was associated with a
higher risk of peripheral sensory disturbance in the
hands, OR 1.56 (95% CI 1.27-1.92, p<0.0001). In
the CE +T there was a significant association with
age (p=0.002) with a higher risk for patients aged
50-59 years, and lower for patients aged under 40
(Table IV). Correspondingly, 213 (18%) patients in

the CEF cohort reported symmetric peripheral sen-
sory disturbances in the feet, compared with 506
(32%) in the CE +T cohort. In the combined model,
docetaxel was associated with a significantly higher
risk of peripheral sensory disturbance in the feet with
an OR of 2.00 (95% CI 1.66-2.42, p<0.0001). Age
was also a significant risk factor for peripheral sen-
sory disturbances in the feet in the CE +T cohort
with less disturbances among younger patients, OR
0.45 (95% CI 0.26-0.77). In the CEF cohort, endo-
crine treatment was found as a risk factor for report-
ing peripheral sensory disturbances in the feet OR
1.53 (95% CI 1.07-2.20, p=0.02) (Table V).

Functional impairment

In the CEF cohort 405 patients (34%), and in the
CE+T cohort 535 (34%) reported functional
impairment defined as having to give up activities
because of the treatment. In both cohorts significant
risk factors for giving up activities were younger age
and ALND. In the CE +T cohort, mastectomy was
related to a higher risk of giving up activities, OR
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Table IV. Peripheral sensory disturbances in hands among breast cancer patients treated with adjuvant chemotherapy in Denmark 2005—

2008 adjusted for age, type of surgery, radiotherapy, endocrine therapy and follow-up.

CEF cohort CE +T cohort
+ Pain —Pain Adj 95% +Pain N — Pain N Adj. 95%
N (%) N (%) OR CI P-value (%) (%) OR CI P-value
Total 175 (15) 1026 (85) 363 (23) 1233 (77)
Age =39 13 (10) 121 (90) 0.84 0.38;1.86 0.14 21 (17) 105 (83) 0.70 0.38;1.30  0.002
40-49 80 (16) 418 (84) 1.46 0.79;2.70 85 (19) 374 (81) 0.78 0.48;1.27
50-59 64 (16) 328 (84) 1.58 0.88;2.84 216 (27) 592 (73) 1.28 0.82;2.00
60-69 18 (10) 159 (90) 1 41 (20) 162 (80) 1
Surgery
Breast Mastectomy 67 (14) 397 (86) 0.97 0.60;1.55 0.89 119 (21) 437 (79) 0.94 0.66;1.33 0.71
BCS 108 (15) 629 (85) 1 244 (23) 796 (77) 1
Axilla ALND 109 (14) 650 (86) 0.85 0.51;1.41 0.52 223 (22) 812 (78) 0.82 0.58;1.17 0.28
SLNB 66 (15) 376 (85) 1 140 (25) 421 (75) 1
RT LRRT + 82 (15) 480 (85) 0.98 0.54;1.78 0.91 161 (21) 593 (79) 0.92 0.59;1.45 0.93
BRT/ATRT
BRT 67 (15) 395 (85) 0.87 0.44;1.75 154 (24) 476 (76) 0.98 0.58;1.64
None 26 (15) 151 (85) 1 48 (23) 164 (77) 1
ET + 105 (16) 543 (84) 1.25 0.86;1.83 0.24 258 (24) 823 (76) 1.24 0.91;1.69 0.18
- 70 (13) 483 (87) 1 105 (20) 410 (80) 1
Year of  2005/2007 83 (14) 498 (86) 0.95 0.69;1.32  0.76 153 (21) 567 (79) 0.84 0.66;1.07 0.16
surgery 2006/2008 92 (15) 528 (85) 1 210 (24) 666 (76) 1

ALND, axillary lymph node dissection; ATRT, anterior thoracic radiotherapy corresponding to anterior thoracic wall; BCS, breast
conserving surgery; BRT, breast radiotherapy corresponding to residual breast tissue; ET, endocrine therapy with either tamoxifen or
aromatase inhibitor; LRRT, locoregional radiotherapy corresponding to periclavicular, axillary level 3, and for right side cancers, the
internal mammary nodes; RT, radiotherapy; SLNB, sentinel lymph node biopsy.

1.59,95% CI 1.18-2.14, p=0.02 (see Table VI). In
the combined model, docetaxel did not represent any
additional risk of functional impairment, OR 1.04
(95% CI 0.88-1.24, p=0.62)

Discussion

The results of this nationwide study suggest that the
addition of docetaxel to adjuvant chemotherapy has
not changed the prevalence or pattern of PPBCT,
and is similar to the CEF regime with regard to
dimensions of pain such as intensity, frequency and
localization. Furthermore, this study confirms that
PPBCT is one of the major late effects of treatment
for breast cancer, and affects more than half of the
patients two to three years after surgery. The pattern
of PPBCT in relation to the different treatment
modalities was similar for the present cohort to the
cohort treated in 2005-2006 [8] and agrees well with
the risk factors identified in the literature [9]. Sen-
sory disturbances in area of surgery were reported by
relatively fewer patients in the docetaxel cohort, with
a statistically significant OR of 0.75. This difference

is not easily explained, as there is no obvious
pathophysiological reason for any positive effect of
docetaxel with regard to sensory disturbances. The
difference in time since surgery could be proposed
as a reason for this. However, a subgroup analysis
and tests for interactions shows the difference in time
since surgery is not confounding the result for sen-
sory disturbances nor any of the other outcomes. It
may however be explained by response-shift bias.
Response shift bias is commonly occurring in quality
of life studies, and refers to the phenomenon when
self reported constructs change over time due to
change of internal standards, values and reconceptu-
alization of health state due to a change in health
state [16]. Patients treated with docetaxel have more
extensive short-term side effects due to the treatment
as measured on global health status [17], pain and
peripheral sensory neuropathy [18,19] and may thus
be more susceptible to a response shift bias. In con-
clusion, these results suggest that docetaxel in com-
bination with CE, does not increase the risk of
developing PPBCT or sensory disturbances in the
surgical area.
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Table V. Peripheral sensory disturbances in feet among breast cancer patients treated with adjuvant chemotherapy in Denmark 2005-2008
adjusted for age, type of surgery, radiotherapy, endocrine therapy and follow-up.

CEF cohort

CE +T cohort

+ Periph. —Periph. Adj.

SDN (%) SDN (%) OR 95% CI P-value SDN (%) SDN (%) OR

+ Periph. —Periph.  Adj.

95% CI  P-value

Total 213 (18) 979 (82) 506 (32) 1090 (78)

Age =39 15 (11) 121 (89) 0.56 0.27;1.16 0.07 26 (21) 100 (79) 0.45 0.26;0.77  0.02
40-49 95 (19) 405 (81) 1.01 0.58;1.77 140 (31) 317 (69) 0.74 0.49;1.12
50-59 78 (20) 306 (80) 1.24 0.74;2.11 270 (33) 543 (67) 0.83 0.57;1.23
60-69 25 (15) 147 (85) 1 70 (35) 130 (65) 1

Surgery

Breast Mastectomy 74 (16) 384 (84) 0.88 0.57;1.35 0.55 174 (31) 379 (69) 0.95 0.70;1.29  0.74
BCS 139 (19) 595 (81) 1 332 (32) 711 (68) 1

Axilla ALND 128 (17) 632 (83) 0.65 0.40;1.06 0.09 323 (31) 712 (69) 0.79 0.57;1.10  0.16
SLNB 85 (20) 347 (80) 1 183 (33) 378 (67) 1

RT LRRT + 100 (18) 465 (82) 1.30 0.72;2.33 052 242 (32) 509 (68) 1.10 0.74;1.65 0.50
BRT/ATRT
BRT 87 (19) 369 (81) 0.99 0.51;1.92 197 (31) 435 (69) 0.89 0.56;1.41
None 26 (15) 145 (85) 1 67 (31) 146 (69) 1

ET + 132 (20) 518 (80) 1.53 1.07;2.20 0.02 348 (32) 735 (68) 1.17 0.89;1.55  0.26

- 81 (15) 461 (85) 1

Year of

surgery 2006/2008 103 (17) 511 (83) 1

158 (31) 355 (69) 1

2005/2007 110 (19) 468 (81) 1.18 0.88;1.60 0.27 217 (30) 502 (70) 0.87 0.71;1.08  0.22

289 (33) 588 (67) 1

ALND, axillary lymph node dissection; ATRT, anterior thoracic radiotherapy corresponding to anterior thoracic wall; BCS, breast
conserving surgery; BRT, breast radiotherapy corresponding to residual breast tissue; ET, endocrine therapy with either tamoxifen or
aromatase inhibitor; LRRT, locoregional radiotherapy corresponding to periclavicular, axillary level 3, and for right side cancers, the
internal mammary nodes; RT, radiotherapy; SLNB, sentinel lymph node biopsy; Year of surgery, patients treated in 2005 vs. 2006 for the

CEF cohort, and 2007 vs. 2008 for the CE +T cohort.

Our screening for symmetric peripheral sensory
disturbances found these symptoms present in 23%
of the patients in the hands and 32% in the feet in
the CE +T cohort, which was significantly more than
reported among patients in the CEF cohort. The
results may be overestimated, as the question used
to screen for peripheral sensory disturbances is sim-
ple, and consequently without the specificity of a
validated questionnaire. The difference between the
CEF and CE+T cohort are however similar to
the results reported by Martin et al., where 15% of
the patients treated with taxotere, anthracycline and
cyclophosphamide compared to 7% of patients
treated with fluorouracil, anthracycline and cyclo-
phosphamide are reported to have sensory neuropa-
thy during the treatment [19]. Long-term follow-up
data on peripheral neuropathy after treatment
with docetaxel is scarce in the literature. However,
Hershman et al. found that 81% reported discomfort
in the hands and or feet, with 27% reporting severe
symptoms in the hands 6—24 months after treatment
with paclitaxel in a cross-sectional study [20]. In a
prospective component of the same study, 67%

reported persisting numbness in hands or feet at
12 months [20]. The higher prevalence in the study
be Hershman et al. and our data may be attributed
a difference between paclitaxel and docetaxel, differ-
ences in assessment, as well as a relatively low num-
ber of patients enrolled (N=50 in both the
cross-sectional and prospective cohort). However,
our data provide indications that peripheral sensory
disturbances due to treatment with docetaxel prob-
ably represent a long-term problem. A clinical impli-
cation of this with a higher degree of functional
impairment after treatment with docetaxel could not
be found in our screening of functional impairments,
and the risk factor profile of the two cohorts were
similar. There may however be subtle changes in spe-
cific aspects of function, such as buttoning a button,
which we cannot conclude on.

Neurotoxicity is a dose limiting factor with doc-
etaxel, although this drug has not been studied as
extensively paclitaxel. The effects of docetaxel are
reported to be milder than paclitaxel and the neuro-
toxicity may be caused by other targets such as the
dorsal root ganglia [5]. The neurotoxicity exerted by
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Table VI. Functional impairment among breast cancer patients treated with adjuvant chemotherapy in Denmark 2005-2008 adjusted for

age, type of surgery, radiotherapy, endocrine therapy and follow-up.

CEF cohort CE +T cohort
+Pain N —Pain N Adj + Pain N —Pain Ad;.
(%) (%) OR 95% CI P-value (%) N (%) OR 95% CI P-value
Total 405 (34) 783 (66) 535 (34) 1044 (66)
Age =39 55 (41) 79 (59) 2.65 1.53;4.59 0.004 49 (40) 74 (60) 2.13 1.26;53.60 0.0002
40-49 184 (37) 308 (63) 2.18 1.35;3.50 182 (40) 268 (60) 2.11 1.37;3.26
50-59 131 (34) 255 (66) 1.97 1.25;3.10 254 (32) 549 (68) 1.37 0.91;2.07
60-69 35 (20) 141 (80) 1 50 (25) 153 (75) 1
Surgery
Breast Mastectomy 183 (40) 269 (60) 1.03 0.73;1.44 0.88 223 (40) 329 (60) 1.59 1.18;2.14 0.02
BCS 222 (30) 514 (70) 1 312 (30) 715 (70) 1
Axilla ALND 309 (41) 436 (59) 1.77 1.20;2.61 0.004 414 (41) 602 (59) 2.27 1.63;3.15 <0.0001
SLNB 96 (22) 347 (78) 1 121 (21) 442 (79) 1
RT LRRT + 236 (43) 316 (57) 0.90 0.58;1.38 <0.05 164 (26) 459 (74) 1.57 1.06;2.33 0.06
BRT/ATRT
BRT 105 (23) 358 (77) 0.55 0.33;0.93 309 (42) 432 (58) 1.67 1.04;2.67
None 64 (37) 109 (63) 1 62 (29) 153 (71) 1
ET + 243 (38) 393 (62) 1.08 0.81;1.44 0.61 378 (35) 688 (65) 0.94 0.71;1.23 0.63
— 162 (29) 390 (71) 1 157 (31) 356 (69) 1
Year of 2005/2007 206 (36) 360 (64) 1.22 0.95;1.56 0.12 238 (33) 480 (67) 0.97 0.78;1.20 0.76
surgery 2006/2008 199 (32) 423 (68) 1 297 (34) 564 (66) 1

ALND, axillary lymph node dissection; ATRT, anterior thoracic radiotherapy corresponding to anterior thoracic wall; BCS, breast
conserving surgery; BRT, breast radiotherapy corresponding to residual breast tissue; ET, endocrine therapy with either tamoxifen or
aromatase inhibitor; FI, functional impairment; LRRT, locoregional radiotherapy corresponding to periclavicular, axillary level 3, and for
right side cancers, the internal mammary nodes; RT, radiotherapy; SLLNB, sentinel lymph node biopsy; Year of surgery, patients treated in
2005 vs. 2006 for the CEF cohort, and 2007 vs. 2008 for the CE +T cohort.

paclitaxel is reported to be axonal atrophy with
absence of axonal regeneration and secondary demy-
elination [5]. Furthermore, animal studies have
shown a shift towards smaller fibers [21], which is
interesting with regards to chronic pain. These results
can therefore not be generalized to taxanes as a
group, and further studies are required on patients
treated with paclitaxel.

The strengths of this study include that it is based
on the population treated with adjuvant chemother-
apy according to the guidelines for breast cancer in
Denmark from 2005-2008. The data collection was
performed with the same questionnaire for both
cohorts yielding a high response rate in both cohorts,
and thereby minimizing selection bias. Furthermore,
the large size of each cohort allowed a calculation of
risk factors within each cohort and between cohorts
with sufficient precision to detect clinically relevant
differences.

Limitations are the cross-sectional design without
base line information, which precludes conclusions
on causality and the dynamics of the symptoms
reported. Furthermore, in terms of sensory distur-
bances and symmetric sensory disturbances, the

questionnaire used is not validated against other
questionnaires measuring neuropathic signs and
symptoms, which makes the results less comparable
to other studies. Finally, smoking habits and co-
morbidities such as diabetes were not recorded,
which potentially could introduce a bias, if there was
a difference of the prevalence of these factors between
the cohorts.

Conclusion

This large nationwide study supports that PPBCT
remains a significant problem among breast cancer
survivors with young age, radiotherapy and axillary
lymph node dissection being the main risk factors for
developing PPBCT. The introduction of docetaxel in
the adjuvant treatment of breast cancer has not changed
the prevalence and pattern of PPBCT, but prevalence
of sensory disturbances in the hands and feet are
increased and may be a long-term problem. Future
studies of PPBCT should be prospective, including
quantitative sensory testing, as well as details on surgi-
cal and radiation therapy, to evaluate the potential for
reducing intercostobrachial nerve injury in surgery [9]
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and radiation therapy [22], and provide more solid
data on the time course of peripheral neuropathy.
Several studies are underway in Denmark to further
characterize docetaxel-induced neuropathy.
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