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Neutropenia during adjuvant chemotherapy of breast cancer is not
a predictor of outcome
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To the Editor

There is convincing evidence that adjuvant poly-

chemotherapy improves survival in patients with

early breast cancer. There are some conflicting

studies on the prognostic significance of leukopenia

during the adjuvant chemotherapy of early breast

cancer. This prompted us to compare the outcome

of adjuvant chemotherapy of early breast cancer

patients correlated to nadir white cell counts.

One hundred and ninety-four women with either

operable primary breast cancer or locoregional re-

lapse were recruited from Eastern Finland. Staging

was done by physical examination, radionuclide

bone scan, liver ultrasound, chest x-ray, and labora-

tory examinations, including blood count, serum

creatinine, and alkaline phosphatase. Peripheral

blood counts and nadir counts were taken during

and after the first chemotherapy cycle and routine

blood counts one day before each successive treat-

ment. Patients had undergone radical mastectomy,

conservative surgery, or excision of a locoregio-

nal relapse. Postoperative radiotherapy was given

to 191 patients. After surgery and radiotherapy

the patients were administered CNF (cyclop-

hosphamide 500 mg/m2, mitoxantrone 10 mg/m2,

and 5-fluorouracil 500 mg/ m2). Since February

1990, we replaced the first two chemotherapy cycles

with CMF (methotrexate 40 mg/m2) in order to start

chemotherapy simultaneously with the radiation

therapy. After completing the chemo- and radio-

therapy, patients were followed up every three months

during the first year, and then once or twice a year

for five years. In addition to ordinary follow-up,

deaths and subsequent cancers were recorded from

the files of the Finnish Cancer Registry.

Kaplan-Meier estimates for survival were calcu-

lated using corrected survival rates. Disease-free

survival (DFS) was defined as the time from the first

chemotherapy administration to detection of metas-

tasis, locoregional relapse, death, or 15 January 2004.

Only deaths due to breast cancer were regarded as

events in the analysis of OS. Difference of survival

curves between different levels of leukopenia was

assessed by the log-rank and the Gehan-Wilcoxon

tests. SPSS for Windows was used for the analyses.

The research plan was approved by the Finnish

Ministry of Social and Health (permit Dnro 22/07/

2003).

Women were pre-, peri- and postmenopausal aged

29 to 68 years. Primary breast cancer stages varied

from I to IIIB. Nine patients were treated with

locoregionally recurrent breast carcinoma. Of those

patients with primary tumours, 174 patients were

operated radically, 20 patients with conservative

surgery followed by postoperative radiotherapy.

Adjuvant hormonal therapy was prescribed to 50

patients (26%) beginning during the radiotherapy.

Adjuvant CMF/CNF chemotherapy was com-

menced from May 1986 to November 1993. The

concomitant chemoradiation approach was started

in February 1990, when the first two CNF courses

were replaced with CMF. Eighty-seven patients

(45%) received only CNF. All six courses of

either CNF or CMF/CNF were administered to

173 patients (89%), and the mean number of

courses was 5.8. The planned mitoxantrone dose

was 10 mg/m2, but the actual dose ranged from
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4.7 to 10.7 mg/m2 (median 8.9 mg/m2). The last

mitoxantrone dose ranged from 3.5 to 10.7 mg/m2

(median 8.1 mg/m2). Twenty-one patients stopped

chemotherapy prematurely for several non-fatal

causes, the data of which has been published earlier

[1�3]. The patients were followed until 15 January

2004, and the median follow-up time was 12.9 years

(range 10.2 to 17.7).

Grade 4 leukopenia (leukocyte countB1.0�109/

L) was documented in nine (5%) patients. The

median nadir of leukocytes was 2.4. The patients

were divided into two parts according to nadir

leukocytes with lower leukocyte counts from 0.1 to

2.4, and higher leukocyte counts from 2.5 to 6.1�
109/L. The ten year DFS was 45% for the lower, and

60% for the higher leukocyte patients, respectively

(Figure 1, pB0.05). The ten year breast cancer

specific survival was 51% and for the lower, and

66% for the higher leukocyte group (Figure 2, p�
0.23). The Gehan-Wilcoxon test did not result in a

change compared with the log-rank test (numbers

not added).

This retrospective study showed that low nadir

leukocyte count during adjuvant chemotherapy

of breast cancer did not statistically significantly

predict the prognosis. No rigid schedule was defined

to reduce the chemotherapy doses occurring leuko-

penia, without compromising long-term out

come according to overall survival. Some searchers

could make firm conclusions after five or ten year

follow-up, but differences may disappear after longer

follow-up, as in this setting. In this strategy, no

multivariate analyses or dose intensity analyses were

done, due to the number of patients and the

versatility of prognostic factors.

The first report of dose-response effect by adju-

vant CMF on relapses was published in 1981 [4].

A subgroup of patients receiving less than 65% of

the planned dose had a lower survival [4].

Saarto et al. [5] treated 211 stage II � III breast

cancer patients giving eight doxorubicin-based

cycles. They searched through initial dose intensi-

ties, and leukocyte nadir was a marker of chemother-

apy efficacy in early breast cancer. Poikonen et al. [6]

treated 368 patients with stage II � III breast cancer

giving six ordinary CMF courses. According to the

univariate analyses, ordinary prognostic factors and

low leucocyte nadirs were associated to both DFS

and OS. However, leukocyte nadir lost the signifi-

cance in the multivariate analysis. Canadian authors

reviewed 680 patients with early breast cancer retro-

spectively [7]. They suggested that myelosuppres-

sion improved survival. The dose intensity of classic

oral CMF is higher than that of the intravenous

regimen. They concluded that the classic regimen

should be preferred due to better survival.

The Scandinavian Breast Group tested the effec-

tiveness of very high dose adjuvant chemotherapy.

Five hundred and twenty five breast cancer patients

were randomized to receive either nine tailored CEF

courses or three standard CEF doses and high-dose

chemotherapy (cyclophosphamide, thiotepa, and

carboplatin, with blood stem-cell support). Relapses

of the patients of the latter therapy were higher, but

up to eight acute leukemias and myelodysplastic

syndromes developed in patients with the former

therapy. High-dose chemotherapy did not improve

overall survival [8].

We failed to demonstrate a significant benefit for

leukopenia of adjuvant chemotherapy for breast

cancer patients.
Figure 1. Kaplan-Meier plot of disease-free survival for leuko-

penia B2.5 versus ]2.5.

Figure 2. Kaplan-Meier plot of disease-specific survival for

leukopenia B2.5 versus ]2.5.
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To the Editor

Previously we reported the first clinical kilovoltage

(kV) cone-beam CT (CBCT) imaging during volu-

metric modulated arc therapy (VMAT) using a linac

with an on-board CBCTunit (Elekta Synergy, Craw-

ley, UK) [1], The effect on CBCT image quality

during rotational treatments was first presented in

ESTRO conference in 2004 [2] and the first clinical

in-treatment CBCT images were acquired for rota-

tional lung treatment [3]. The purpose of in-treat-

ment CBCT imaging is direct verification of time-

averaged tumor position during treatment. Reported

standard deviation of intrafraction prostate move-

ments for 20 patients during 10 fractions was 1.4 mm

in cranio-caudal direction [4], which may support the

validity of the time-averaged CBCT images. In this

letter, prostate displacements immediately before and

after treatment relative to the position during VMAT

delivery have been reported for the first time. As was

described in our previous articles [1,3], the current

Synergy system does not allow simultaneous delivery

of kV CBCT beams and MV rotational beams. A

method for disabling this interlock was therefore

investigated and it was deactivated with the first

author’s responsibility.

A treatment planning system, ERGO�� 1.7.1

(Elekta 3DLine, Milano) was employed to create a

VMAT plan for a prostate cancer patient. A single

arc consisting of 73 fixed beams was defined with

5 degree spacing. More detailed VMAT delivery and

CBCT procedures were described in our previous

article [1].
* Equal contributors.

Correspondence: Keiichi Nakagawa, Department of Radiology, University of Tokyo Hospital, 7-3-1 Hongo Bunkyo-ku, Tokyo 113-8655, Japan.

1206 K. Nakagawa et al.

(Received 24 May 2009; accepted 6 June 2009)

ISSN 0284-186X print/ISSN 1651-226X online # 2009 Informa UK Ltd. (Informa Healthcare, Taylor & Francis AS)

DOI: 10.3109/02841860903101190


