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Table 1. Comparison of patient characteristics and summed EDR scores

Summed EDR  Summed EDR  Fisher’s exact
score 0-3 score 4 two-tailed
No. % No. % P

Number of patients 55 57 41 43 N/A
Stage

i 6 11 4 10

2 33 60 25 61

3 11 20 10 24

4 5 9 2 5 0.880
Primary tumor size

Size <3 33 60 17 42

Size >3 15 27 19 46

Unknown 7 13 5 12 0.072
Axillary lymph node
status

L.N. Negative 17 31 8 20 0.246

L.N. Positive 38 69 33 80
Patient age

<50 33 60 25 61

>50 22 40 16 39 1.00
Estrogen receptor
status

Negative 18 33 13 32

Positive 23 42 13 32

Unknown 14 25 15 36 0.449

Table 2. Comparison of treatment modalities related to summed EDR scores

Treatment Total EDR Score -3 EDR Score 4  Fisher’s exact
No. % No. % No. % two-tailed p

Primary treatment

Mastectomy 36 38 16 39 20 49

Lumpectomy/Radiation 60 62 39 ! 21 51 0.058
Hormone treatment

False 69 72 38 69 31 76

True 27 28 17 31 10 24 0.503
Chemotherapy

AC 42 4 20 36 22 54

CMF 54 56 35 64 19 46 0.101

229



230 RS Mehta et al.

Table 3. Invitro drug resistance profiles for single agents
(n=96)

Response category 4HC  Doxorubicin ~ 5-FU

% EDR 13 5 19

% IDR 25 29 32

% LDR 62 66 49

Table 4. Composite EDR scores profile

In vitro response Summed  No. of % of
profiles® score patients  cases
2EDR 0 2 2
1EDR+1IDR 1 8 8
2IDRor1 EDR+1LDR 2 20 21
1IDR+1LDR 3 25 26
2LDR 4 41 43

*EDR: extreme drug resistance; IDR: intermediate drug resist-
ance; LDR: low drug resistance.

Correlation of outcomes with EDR scores

Of the evaluable cases with at least one successful drug
result in the EDR assay, 103 received primary chemo-
therapy. At a median follow up time of 48 months,
37 of the 96 patients with full EDR profiles had died,
and 43 patients had progressed. Table 5, panels A
and B, show the association of EDR results for single
agent 4HC and 5-FU with progression-free (p = 0.056
and p=0.042) and overall survival (p =0.078 and
p =0.005) for patients receiving a Cytoxan contain-
ing regimen (n=99) or a 5FU containing regimen
(n = 56), respectively. The association of survival and
EDR results for single agent doxorubicin did not reach
statistical significance (p =0.286) for the 44 cases

treated with AC. For the 96 patients with successful
assays for two of the drugs they received (42 patients
received AC; 54 patients received CMF), their respect-
ive summed EDR scores for intermediate and extreme
versus low drug resistance (0-3 vs. 4), lymph node
status, and stage were significantly associated with
progression-free and overall survival in univariate ana-
lysis. Figure 1 and Table 5A show the influence of the
level of drug resistance on time to tumor progression,
with a median of 100 months for patients with low
drug resistance, compared to 48 months for patients
with intermediate to extreme-resistance (log-rank test
hazard ratio 2.05, CI=1.110-3.747, p =0.022). No
statistically significant difference was found between
the intermediate to extreme resistance and low drug
Tesistance categories with respect to age, lymph node
status, stage, size of primary tumor, ER status, primary
surgical, radiation, hormonal and chemotherapeutic
treatment (Tables 1 and 2). However, there was a
trend in the intermediate to extreme-resistance group
for smaller tumor size (p =0.072), negative lymph-
nodes (p = 0.246), and cases undergoing lumpectomy
and radiation rather than mastectomy (p = 0.058).

A significant difference in survival was noted
between patients with intermediate to extreme drug
resistance (summed EDR scores of 0-3), compared
with the low drug resistance group (summed EDR
score of 4) in univariate analysis using log rank test
(p =0.010) (Table 5B; Figure 2). Patients with inter-
mediate to extreme-drug resistance demonstrated sig-
nificantly shorter survival, with 5-year survival rates of
45% compared to 81% in patients with low drug resist-
ance. Median survival was 50 months in the intermedi-
ate to extreme-resistance group, while the median sur-
vival for the low resistance group had not been reached
(hazard ratio 2.56, CI 1.215-4.711, p=0.010;

Table 5A. Univariate analysis and progression-free survival

Patient Hazard 95% CI p value

no. ratio
4HC (IDR/EDR vs. LDR) 99 1.768 0.983-3.551 0.056
5-FU (IDR/EDR vs. LDR) 56 2.345 1.031-5.450 0.0423
Doxorubicin (IDR/EDR vs. LDR) 44 1.317 0.519-3.514 0.537
EDR score* (0-3 vs. 4) 96 2.05 1.110-3.747 0.022
Nodal status (< 10 vs. > 10) 96 2.564 1.182-14.92 0.028
Stage (I-MII vs. IV) 9% 3.333 2-34.482 < 0.0036

*EDR score was summed for two of the agents received by the patient as described in

Materials and methods.
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Table 5B. Univariate analysis and overall survival

Patient Hazard 95% CI p value

no. ratio
4HC (IDR/EDR vs. LDR) 9 2.077 1.102-4.649 0.078
5-FU (IDR/EDR vs. LDR) 56 3.463 1.449-8.034 0.0050
Doxorubicin (IDR/EDR vs. LDR) 44 1.639 0.629-4.809 0.286
EDR score® (0-3 vs. 4) 96 2.559 1.2154.711 0.010
Nodat status (< 10 vs. > 10) 96 3.333 1.695-3.333 0.004
Stage (I-HI vs. IV) 96 4.783 5.218-1483 < 0.0001

*EDR score was summed for two of the agents received by the patient as described in

Materials and methods.

log-rank test). Age, lymph node status, stage, ER
status, and hormonal treatment status have all been re-
potted to influence survival independent of the chemo-
therapeutic regimen used. In this cohort, stage and
lymph node status were the only other variables sig-
nificantly associated with progression-free and overall
survival (Tables 5A and 5B). The relative probab-
ility of progression and death was 2.19 (CI 1.24-
4.35, p=0.022) and 2.49 (CI 1.18-5, p =0.017) for
patients treated with agents showing in vifro inter-
mediate to extreme-resistance compared to patients
treated with low drug resistance agents, using Cox
proportional hazards model (data not shown).

In view of the significant association between
the dichotomous EDR score categories of 0-3 and
4 variable and progression free and overall survival,
we evaluated the trichotomous variables of low, in-
termediate, and extreme resistance using summed
EDR scores of 4, 2-3, and 0-1, respectively. As
shown in Figures 2A and 2B, the log-rank test for
trend demonstrated a significant association between
these three resistance categories and progression-free
(p =0.013) and overall survival (p = 0.002), respect-
ively. Table 6A depicts the results of analysis using
the Cox proportional hazards model for progression-
free survival for summed EDR scores of 0-1 and 2-3
versus summed EDR scores of 4 (Relative risk 2.60,
CI 0.94-7.22, p=0.066 and Relative risk 2.09, CI
1.04-4.24, p =0.039, respectively), adjusted for stage
and lymph node status. Similarly, Table 6B illustrates
Cox proportional hazards model showing that EDR
scores were independent predictors of survival when
patients with extreme and intermediate drug resistance
were compared with patients with low drug resistance
(Relative risk 3.09, 95%, CI 1.05-9.06, p=0.040
and Relative risk 2.35, 95%, CI 1.07-5.15, p = 0.033,
respectively).

Discussion

This smdy demonstrated a significant association
between survival and EDR assay results for primary
tumor tissues obtained from breast cancer patients
prior to chemotherapy. The treatment of these pa-
tients was blinded to assay results. With respect to
potential bias between groups, prognostic factors were
not found to be significantly different between pa-
tients with intermediate to EDR (score 0-3) and LDR
(EDR scores 4). However, there was a trend in the
intermediate to EDR group for smaller tumor size
(p=0.072) and presentation with negative lymph-
nodes (p = 0.246), compared to patients in the LDR
group. More patients, therefore, underwent lumpec-
tomy and radiation in the high resistance group as
opposed 1o higher numbers of patients undergoing
mastectomy in the low resistance group. This trend
may have potentially biased results against an associ-
ation between EDR assay results and survival. Using
a Cox Proportional Hazards model adjusting for the
variables significant in univariate analysis, the relative
tisk of death for patients with adverse EDR scores of
0-1 and 2-3 was 3- and 2-fold higher, respectively,
compared with patients with a favorable EDR score of
4.

In vitro patterns of resistance varied among pa-
tients, with few patients showing resistance to all
drugs tested, suggesting that alternative agents may
have been available to chose from for a majority of
patients when one specific agent was found to be in-
active in vitro for a given patient. Further, there was
a significant association between in vitro drug res-
istance for single agent 5-FU and progression-free
(p <0.0423) and overall survival (p < 0.005) of pa-
tients treated with CMF, suggesting that the clinical
activity of 5-FU in the CMF regimen may be a ma-
jor determinant of outcome for patients treated with
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Figure 1. (a) Kaplan-Meier progression-free survival curves for patients with EDR scores of 4 (—) vs. <4 (—); (b) Kaplan-Meier overail

survival curves for patients with EDR scores of 4 (—) vs. <4 (—).

CMFE. We also noted that single agent 4HC EDR
scores showed a trend towards a significant associ-
ation with progression-free (p <0.056) and overall
survival (p < 0.078) for patients treated with AC or
CMEF. Because methotrexate cannot be reliably tested
in vitro, it was not possible for us to evaluate if

methotrexate acted as a modulator of 5-FU or 4HC
cytotoxicity. Absence of in vitro assay results for me-
thotrexate did not detract from the robust nature of
in vitro 4HC or 5-FU response association with PF
and OS. The significant relationship between in vitro
drug resistance scores and survival supports the no-
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Figure 2. (a) Kaplan-Meier progression free survival curves for patients with EDR scores of 4 vs. 2-3 vs. 0-1; (b) Kaplan-Meier overall
survival curves for patients with EDR scores of 4 vs. 2-3 vs. 0-1.
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Table 6A. Progression-free survival: Multivariate analyses of
prognostic factors

Relative 95% CI
risk

p value

0.938-7.223  0.0663
1.0374.240  0.0393
1.076-16.809 0.03%0
05454859 03829
0.549-4.550 0.3959

EDR score (01 vs. 4) 2.602
EDR score (2-3 vs. 4) 2.097
Nodal status (> 10 vs. 0) 4.252
Nodal status (4-10 vs. 0) 1.627
Nodal status {13 vs.0)  1.581
Stage (IV vs. ) 3.009 0.606-14.929 0.1777
Stage (IIT vs. ) 0.772 0.136-4.396  0.7706
Stage (11 vs. I) 0916 0.201-4.167  0.9091

Table 6B. Overall survival: Multivariate analyses of prognostic
factors

Relative 95% C1
risk

p value

EDR score (01 vs. 4) 3.085
EDR score (2-3 vs. 4) 2.349
Nodal status (> 10 vs. 0) 6.743
Nodal status (4~-10 vs. 0) 1.494
Nodal status (1-3 vs. 0)  1.107

1.051-9.059  0.0404
1.073-5.146  0.0327
1.497-30.359 0.0129
0.497-4.489 04748
0372-3.295 D.8552

Stage (IV vs. I) 5.028 0.842-30.010 0.0764
Stage (Il vs. I) 0.599 0.080-4.478  0.6180
Stage (Il vs. ) 1.139  0210-6.181 0.8803

tion that drug resistance testing can identify a umor
phenotype related to clinical outcome. Information re-
garding the unique in vitro drug response profile of an
individual patient may potentially be exploited to im-
prove outcomes by tailoring treatment based on assay
results.

Several smaller studies have indicated that re-
sponse rates are improved when patients received
chemotherapy to which their tumors were not res-
istant in vitro [27, 33-35]. A review of published
in vitro assay results for 4,263 patients, where correla-
tions with treatment response were available, indicated
that clinical response rates were significantly associ-
ated with in vitro results, with an overall sensitivity
of 85%, and an overall specificity of 80% {27]. Of
note was the finding that prediction of drug resistance
was > 90% accurate, compared to 72% accuracy for
prediction of chemosensitivity. The EDR assay was
reported to have a negative predictive accuracy of 99%
in a double-blind retrospective study of 450 cases [33].

The drug exposures used in the EDR assay are 5-
10 times higher than those achieved in vivo, biasing
assay reliability towards accurate detection of drug
resistance. In correlating in vifro drug resistance with
clinical response, only 1 out of 127 patients showing
in vitro EDR showed clinical response, while 52%
of patients showing in vitro sensitivity demonstrated
clinical response. The prediction of resistance may be
more robust than the prediction of sensitivity because
of the inability of in vitro systems to parallel relevant
in vivo pharmacodynamics, such as individual vari-
ations in tumor vascular supply and drug metabolism,
that influence clinical response. The practical utility
of in vitro testing has been enhanced by the devel-
opment of third generation assay techniques, such as
the EDR assay employed in this study. While older
clonogenic systems yielded results in 2-3 weeks with
50% success rates, newer technologies have shortened
assay time to less than one week and improved the
evaluability rate to 85%, which is similar to the eval-
uability rate of 91% in the present study [27]. Yet,
the relationship between in vitro results and survival
has not been adequately addressed either by chemo-
sensitivity or chemoresistance assays. Our study is the
first Jarge series to demonstrate the clinical relevance
of in vitro drug resistance for patients with all stages
of breast cancer treated with first line chemotherapy.
We found that patients treated with combinations of
drugs with low in vitro drug resistance enjoy better
progression-free and overall survival. Patients who
were treated with combinations of drugs found to be
intermediate or extremely resistant in the EDR assay
had a 5-year survival rate of only 45%, compared
to 81% for patients who were treated with a com-
bination of drugs to which their tumors showed low
resistance.

The improved survival demonstrated for patients
treated with combinations of low resistance agents
is intriguing. In a recent review, 12 of 17 studies
were found to demonstrate a statistically significant
survival advantage for patients treated with agents
to which they were ‘sensitive’ in vitro [27]. Three
prospective studies, two of which were randomized,
showed a survival advantage for patients treated with
assay-directed therapy [27]. More recently, a random-
ized study by Cortazar demonstrated that survival was
improved for small-cell lung cancer patients random-
ized to assay directed therapy [36]. O et al., have
shown that costs can be lowered using assay direc-
ted therapy, with at least equivalent survival in newly
diagnosed, optimally resected ovarian cancer patients



[25]. Gambino et al., demonstrated high response rates
with assay directed therapy in patients with chemo-
therapy refractory gynecological malignancies [37].
Similarly, a prospective trial by Kurbacher et al.,
demonstrated a high response rate and promising sur-
vival outcomes in recurrent ovarian cancer treated with
therapy tailored according to their in vitro assay res-
ults [38]. One shortcoming of in vitro testing is the
necessity of obtaining adequate amounts of malig-
nant tissue for cell culture, which limited the EDR
testing to those with tumors > 0.5cm in size. How-
ever, patients with tumors < 1 cm in size, which are
increasingly being detected mammographically, are
not routinely considered to be candidates for chemo-
therapy. A second shortcoming of this study was the
absence of HER?2 profiling, which may affect the clin-
ical outcome in patients treated with AC. Because
HER?2 was not routinely tested at the time we began
this study, these data are not available.

Our study was performed in newly diagnosed
breast cancer patients. Our finding of a significant as-
sociation between survival and in vitro drug resistance
to the agents used clinically suggests that completing
4-6 cycles of ineffective adjuvant chemotherapy may
adversely delay selection of effective chemotherapy,
potentially induce or select for additional chemores-
istance, and may also decrease the patient’s capacity
to undergo further therapy. EDR assay results iden-
tified patients with inferior survival after treatment
with agents their tumor was resistant to in vitro. The
clinical utility of this finding may stem from the elim-
ination of such agents from treatment planning. In
addition, such testing may identify alternative forms
of treatment with a greater probability of success.
This is of major importance when considering the re-
cent introduction of several new non-cross resistant
drugs into clinical practice. Our study was performed
when fewer chemotherapeutic choices were available
for first line treatment of breast cancer. The utility
of in vitro testing is increased with the addition of
these newer agents. While we await the results of fu-
ture randomized trials of assay directed treatment, it
is logical to conclude that the risk/benefit ratio favors
the utility of EDR assay results when considering the
elimination of ineffective treatment options for breast
cancer.
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