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Correlation of Early Systemic Recurrence with In Vitro Adenosine Triphosphate-
Based Chemotherapy Response Assay in Stage Il and Il Breast Cancer Patients

Treated with Doxorubicin-Based Chemotherapy

Sung Gwe Ahn, Joon Jeong, Suk Kyung Choi, Seung Hyun Hwang, Seung Ah Lee, Woo Hee Jung', Hy-De Lee

Departments of Surgery, 'Pathology, Yonsei University College of Medicine, Seoul, Korea

Purpose: An in vitro adenosine triphosphate-based chemo-
therapy response assay (ATP-CRA) was designed to require
only a limited number of cells and shorten test turnaround
time with a high success rate. This study investigated the
correlation between in vitro doxorubicin sensitivity of tumor
cells and early systemic recurrence, defined as recurrence
within 2 years after surgery. Methods: From January 2004
to March 2007, the ATP-CRA for doxorubicin was tested
in 128 patients among breast cancer patients treated at
Gangnam Severance Hospital, Seoul, Korea. The American
Joint Committee on Cancer stages for all patients were ||
and llI. All patients received doxorubicin-based chemother-
apy. Selected patients were divided into a chemosensitive
group and a non-chemosensitive group, according to a 40%
cell death rate as a cut-off value. We analyzed the relation-
ship between chemosensitivity and early systemic recur-
rence in patients with breast cancer. Results: The mean
age of the patients investigated was 44.6-years-old, the
mean follow-up period was 39.9 months, and recurrence

free survival was 38.6 months. Thirteen recurrences were
observed during follow-up. Among 13 patients with a recur-
rence, eight had a recurrence within 2 years (early recur-
rence). All of the early recurring patients belonged to the
non-sensitive group. Doxorubicin sensitivity results mea-
sured by ATP-CRA were related with early recurrence free
survival in patients with breast cancer (p=0.030). The mean
cell death rate derived from the ATP-CRA for the early recur-
rence group tended to be lower than that of the non-early
recurrence group, but the difference was not statistically
significant (p=0.05). Conclusion: Doxorubicin sensitivity
measured by ATP-CRA was well correlated with in vivo drug
responsibility to predict early recurrence against doxorubicin-
based adjuvant chemotherapy in patients with breast cancer.
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gl oA] A FRES fHQF 32| 5 American Joint Committee
on Cancer Committee (AJCC) 6th edition®l w2t ¥7] 2, 3
710l sfgsls AR 223 S doxorubicing 7|REO®
Sk B9t goststa S Al B2 128 tii o' skqict
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e 30 EHES SO ST BE SRk
doxorubicin®]l tgt ATP-CRAE A5, Adsiela s
A8k Sk ek o] e] 232] A4 AE 435K
ot RE ES IXA 4= AlYEAL, doxorubicing

o] AL s AS A

BUZEZ|0| X{2|2t ATP-CRA

Z9¥22)2 100 U/mL Penicillin (Sigma, St. Louis, USA),
100 ug/mL Streptomycin (Sigma), 100 g/mL Gentamicin
(GIBCO BRL, Rockville, USA), 2.5 g/mL Amphotericin B
(GIBCO BRL), 123! 5% fetal bovine serum (FBS; GIBCO
BRL)& X3} Hanks balanced salt solution (GIBCO BRL)
ofl B¥E|Sict ke 228 A AR T dispase (Sigma),
pronase (Sigma), DNAse (Sigma)2] E3-=0] 37.8'CollA] 12—
16417 53 RESAIZ 7, cell strainer (BD Falcon, Bedford,
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mean luminescence in untreated controls groupl) X 100
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Table 1. Clinicopathologic characteristics of patients

Doxorubicin  Doxorubicin
Characteristics

sensitive  non-sensitve  p-value
(n=46) (n=82)
Chemotherapy 0.301
AC (n=51) 22 29
AC followed by T (n=72) 21 51
Neoadjuvant CAF followed 2 1
by AD (n=3)
Neoadjuvant AD followed 1 1
by AD (n=2)
T size 0.880
<2.cm (n=23) 10 13
>2cm (n=105) 36 69
Nodal status 0.292
Negative (n=49) 20 29
Positive (n=79) 26 53
AJCC stage 0.088
11 (n=98) 40 58
Il (n=3) 6 24
HG 0.165
1(n=26) 6 20
2-3 (n=92) 37 55
Unknown (n=10) 3 7
ER 0.615
Positive (n=82) 27 55
Negative (n=46) 19 27
PR 0.247
Positive (n=73) 22 51
Negative (n=55) 24 31
C-erbB2 0.672
0-1(n=81) 28 53
2-3 (n=47) 18 29

AC=adriamycin+cyclophosphamide; T=paclitaxel, CAF=cyclopho-
sphamide+adriamycin+5-fluorouracil; AD=adriamycin+docetaxel;
AJCC=American Joint Committee on Cancer Committee; HG=histologic
grade; ER=estrogen receptor; PR= progesterone receptor.
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i 717t 5 2k A8 X ATP-CRAE A%t stage I,
119} gk 128780 Siet, Hat AP 44.741(26-63), Bt 5
27172 39.970 (&1 39.271 )01}, =4 W 71Xt F
AP A5 Alefear, Fax A7 2470 He ek HA]
3k} 2 stage I1&= 98, stage I11&= 30780]%L, 4 S W2
slsraH o & doxorubicin®} cyclophosphamides o83+ 3t
A= 519, doxorubicin®} cyclophosphamide 3] paclitaxel
S A83E Eska Rl 73702tk Table 1), A3sieta S Al
3t SRk AA] 2} FollA] 580] 3t ©] 5 3% doxoru—
bicin, 5—fluorouracil, cyclophosphamide& ©|-83+ A3y}
QWS A5l & & HESISIA| R & paclitaxel S A3}

Table 2. Relationship between early recurrence and clinico-
pathologic charactertistics

Doxorubicin  Doxorubicin

Characteristics sensitive  non-sensitive  p-value
(n=46) (n=82)
Early recurrence (<2 yr) 0 8
Early recurrence correlated
with chemotherapy type
AC (n=51) 0/22 0/29 -
AC followed by T (n=72) 0/21 6/51 0.171
Neoadjuvant CAF followed 0/2 il 0.333
by AD (n=3)
Neoadjuvant AD followed 0/1 171 0.500
by AD (n=2)
Early recurrence correlated
with nodal status
Node positive (n=49) 0/20 1/29 0.592
Node negative (n=79) 0/26 7/53 0.089
Early recurrence correlated
with HG
HG 1 (n=36) 0/6 1/20 0.769
HG 2-3 (n=92) 0/37 5/55 0.081
Early recurrence correlated
with ER positivity
ER negative (n=46) 0/19 4127 0.131
ER positive (n=82) 0/27 4/55 0.297
Early recurrence correlated
with C-erbB2 status
C-erbB2 0-1 (n=81) 0/28 3/53 0.548
C-erbB2 2-3 (n=47) 0/18 5/29 0.141

AC=adriamycin+cyclophosphamide; T=paclitaxel; CAF=cyclopho-
sphamide+adriamycin+5-fluorouracil; AD=adriamycin+docetaxel;

HG=histologic grade; ER=estrogen receptor.
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Figure 1. Kaplan-Meier survival estimation graph according to doxorubicin sensitivity measured by ATP-CRA (A, Recurrence free

survival; B, Early recurrence free survival).

Table 3. Early recurrence free survival using Kaplan-Meier
method according to doxorubicin sensitivity and clinicopatho-
logic characteristics

Clinical characteristic p-value
Doxorubicin sensitivity CRA 40< vs. CRA=40 0.030
Tumor size 2cm<vs. 2cm= 0.640
Nodal status Negative vs. Positive 0.129
HG HG 1vs. HG 2,3 0.732
ER Negative vs. Positive 0.375

C-erbB2 status C-erbB20, 1vs. C-erbB22,3  0.124

HG=histologic grade, ER=estrogen receptor; CRA=chemotherapy
response assay.
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Figure 2. Comparison mean cell death rate of early recurrence
cases with that of early recurrence free cases.
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