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Aim: Current chemotherapy for esophageal cancer is conducted on the basis of empirical information from clinical trials, which fails to
take into account the known heterogeneity of chemosensitivity between patients. This study was aimed to demonstrate the degree of

heterogeneity of chemosensitivity in esophageal cancers.

Methods: A total of 42 esophageal cancer specimens were collected. The heterogeneity of chemosensitivity in esophageal cancer
specimens was examined using an ex vivo ATP-tumor chemosensitivity assay (ATP-TCA).

Results: Thirty eight specimens produced evaluable results (90.5%). The most active single agent tested was nedaplatin, to which
28.9% of samples were sensitive. Combinations of chemotherapy agents exhibited much higher sensitivity: cisplatin+paclitaxel was
sensitive in 16 of 38 (42.1%) of samples, while nedaplatin+paclitaxel was more effective, which was sensitive in 20 of 38 cases

(52.6%).

Conclusion: There was a marked heterogeneity of chemosensitivity in esophageal cancer. Chemosensitivity testing may provide a
practical method for testing new regimens before clinical trials in esophageal cancer patients.
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Introduction

Esophageal cancer is a highly malignant gastrointestinal
cancer that readily progresses to widespread metastasis to
lymph nodes and easily infiltrates the trachea and great ves-
sels''l. Better treatment outcomes of esophageal cancer have
been obtained by improved diagnostic technologies such
as dye-spraying endoscopy®, surgical skills such as three-
field lymphadenectomy®!, and perioperative management!.
Because esophageal cancer is generally more sensitive to anti-
cancer drugs than other gastrointestinal carcinomas, various
multidisciplinary treatments have been attempted and chemo-
radiation has long been established as a standard treatment
for esophageal cancer because it is highly effective and can
be performed relatively safely”. However, as in the case of
surgery, chemoradiation mainly provides localized treatment,
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and treatment outcomes of cases for which radical surgery is
impossible, such as cancer infiltrating into other organs, dis-
tant lymph node metastasis and metastasis to other organs,
are still poor. In these cases, systemic chemotherapy is usually
adopted, and many regimens have been used .

Tumors show heterogeneity of genotype and phenotype,
and such heterogeneity in esophageal cancer certainly affected
response to cytotoxic agents” . Predictive assays based on
thymidylate synthase levels show some promise, but cellular
assays have largely been ignored due to low evaluability rates
and technical problems which is common in tumor-derived
tissue™. However, recent technical developments have
produced assays, such as the ATP-tumor chemosensitivity
assay (ATP-TCA), which has high availability rates with solid
tumors and produces interpretable results in more than 90% of
tumors tested" . The results correlated well with outcome
in patients with a sensitivity of 95% for predicting those who
responded to primary treatment of stage III ovarian cancer!"”.
The use of this assay was shown to double progression-free
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survival and overall survival in a case-control intervention
study in recurrent ovarian carcinoma™.

We performed this study to determine the degree of hetero-
geneity of chemosensitivity in esophageal cancer as a prelude
to studies of the molecular basis of resistance in tumor-derived
cells and the potential use of this assay to guide therapy. We
also wanted to solve the ATP-TCA technical problems, par-

ticularly the use of tumor material from different origins.

Materials and methods

All procedures complied with the ethical guidelines for the
collect of human tissue specimens and use of laboratory study
at Zhejiang Province Cancer Hospital, Zhejiang Cancer Center,
China.

Tumor specimens

A total of 42 specimens were studied and 38 of these produced
evaluable results (90.5%). Thirty-five samples were from
patients undergoing resection of their primary esophageal
cancer (of all pathological stages) and three were pleural aspi-
rates in patients with metastatic disease. The median age of
the patients was 57 years (range 30-82). Local ethics commit-
tee approval was obtained and informed consent gained from
all patients. Biopsies were taken from the luminal surface of
resection specimens by a pathologist or surgeon, ensuring his-
topathological diagnosis and staging were not compromised.

ATP-tumor chemosensitivity assay (ATP-TCA)

Chemosensitivity was assessed in primary esophageal cancer
tumor tissue samples using the ATP-TCA (TCA-100; DCS
Innovative Diagnostik Systeme, Hamburg, Germany), which
has been described in detail™. Briefly, surgical biopsies
(1-2 cm®) were obtained during primary surgery. Tumor cells
were isolated by mechanical and enzymatic dissociation (TDE
DCS) (Innovative Diagnostik Systeme; or collagenase, Sigma,
St Louis, MO, USA). Approximately 2x10* cells were then
seeded into each well of a 96-well polypropylene microplate.
Test drug concentrations were used in triplicate at six different
doses of 6.25%, 12.5%, 25%, 50%, 100%, and 200% of the test
drug concentration (TDC). The TDCs were based on phar-
macokinetic data for standard doses of the agents, adjusted to
give good discrimination (Table 1). Two rows on each plate
were reserved for controls, one row of maximum inhibitor (MI

Table 1. Drugs tested and their 100% TDC as used in the ex vivo ATP-TCA.

Drug/combination 100% TDC (ug/mL)

Paclitaxel (PTX) 13.8
Adriamycin (ADM) 1
5-Fluorouracil (5-Fu) 25
Nedaplatin (NDP) 18
Cisplatin (DDP) 6.3
DDP+PTX 6.3+13.8
NDP+PTX 18+13.8
DDP+5-Fu 6.3+25
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DCS) and one row of CAM only (MO-no drug control). Fol-
lowing preparation of the drug dilutions, 100 puL of the cell
suspension was added to each well of the plate. The plate was
incubated for 5-6 d at 37°C with high humidity and 5% CO,.
The cells were observed every 24 h microscopically to check
for overgrowth or infection. At the end of the incubation
period the cells were lysed by the addition of 50 pL of tumour
cell extraction reagent (TCER DCS), and the ATP content of
each well was assessed by the addition of 50 pL luciferin-
luciferase reagent (DCS) to 50 pL of extracted cells. Lumines-
cence measurements were made using Orion II luminometer
(Berthold Diagnostic Systems).

Data analysis

Data was transferred directly from the luminometer to a
spreadsheet (Excel 2003; Microsoft). A TCA index, or index
of sensitivity, calculated as [600-sum (inhibition 6.25%-
200%)] has been shown to allow simple comparison of results
between drugs and tumors. In addition, ICs, and ICy, were
determined by linear interpolation. Four categories of ex vivo
sensitivity were defined as: (a) strong sensitivity, 1Cg,<100%
TDC and 1C5<25% TDC; (b) partial sensitivity, 1Cgp>100%
TDC and IC5<25% TDGC; (c) weak sensitivity, 1Cy<100% TDC
and 1C5>25% TDC; and (d) resistance, 1C4>100% TDC and
1C5>25% TDC.

All experiments were performed three times and judged
acceptable if the results showed a coefficient of variation
below 25%. The results of each experiment were entered
into an access database for further analysis and compared
with existing data for tumor-derived cells using descriptive
statistics. Further statistical tests (SPSS Software, IL, USA)
were performed when direct comparisons were necessary: the
Wilcoxon rank-sum test was used to compare paired series.
Combination effects were assessed using Chou’s method!®),
as previously used with the ATP-TCA". The combina-
tion index (CI) was determined at 90% cell death, and was
defined as follows: Cla.5=[(Da/a+8)/Dal+[(Ds/a+5)/ Dsl+[alpha
(Daya+sXDg ass)/ DaDg], where Cl,.5=CI for a fixed effect
(F=90%) for the combination of cytotoxic A and cytotoxic
B; Da,ass OF Dg/asp=concentration of cytotoxic A or B in the
combination A+B; D, or Dg=concentration of cytotoxic A or B
alone; alpha=parameter with value 0 when A and B are mutu-
ally exclusive, and 1 when A and B are mutually nonexclusive.
The combination index indicated: synergism<0.8; additiv-
ity>0.8 and <1.2; antagonism>1.2; slight synergistic and addi-
tive cytotoxic activity for value of 0.8 and 1.2, respectively.

Results

For comparison between drugs and tumors, an Index <300,
representing an average 50% inhibition across all concen-
trations tested was used indicate sensitivity, as previously
published . The results showed considerable heterogene-
ity of chemosensitivity to single agents and drug combina-
tions between the tumors tested (Figure 1 and Table 2). The
most active single agent tested was NDP, to which 28.95%
of samples were sensitive (P<0.05). Both drug combinations
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Table 2. Summary of sensitivity data (using an arbitrary threshold of
sensitivity defined as a TCA index <300 for six concentrations use).

Drug/ No No in Sensitivity
combination sensitive ATP-TCA assessed (%)
PTX 6 38 15.8
ADM 4 38 10.5
5-Fu 5 38 13.2
NDP 11 38 29.0
DDP 7 38 18.4
DDP+PTX 16 38 421
NDP+PTX 20 38 52.6
DDP+5-Fu 9 38 23.7

achieved greater growth inhibition than drugs used alone
(P<0.05), except for NDP. The correlation analysis was done

0-100101-200201-300 301400 401-500 501-600

heterogeneity of the sensitivity index for

Index each single agent and combination.

using Pearson’s rank correlation test among all 5 drugs tested.
Results showed that there exist positive correlation among all
5 drugs tested (Figure 2 and Table 3).

Some tumors responded well to one drug or combina-
tion, while others showed no response to this and instead
responded to an alternative regimen. For a limited panel of
drugs and combinations, four cases were sensitive to only on
drug/combination and resistant to all the others tested. Of
these four, one was sensitive only to NDP, one to PTX, and
two to NDP+PTX. One case was resistant to all drugs/combi-
nations tested (2.6%).

Despite appearing sensitive to certain drugs using the Index
threshold of <300, many tumors did not reach strong sensi-
tivity level. Table 4 showed the patterns of chemosensitivity
for different agents on tumors. Again, the most active single
agent was NDP. NDP alone showed a strong sensitivity in
11 of 38 tumor samples tested, but ADM was 4 of 38 (29.0%
vs 10.5%, P<0.01). Combinations of agents also showed more

Acta Pharmacologica Sinica



www.nature.com/aps
Ling ZQ et al

1 o-100
[ 101-200

[ 201-300

[ 401-500
[ s01-600

Figure 2. The ATP-TCA results of the 38 tumor specimens with five drugs
were classified into 6 groups by different index values, and were marked
with turquoise, cyan, dark cyan, dark grey, grey, and light grey which
represent <100, 100-200, 200-300, 300-400, 400-500, and >500,
respectively.

strong sensitivity cases. The DDP+PTX demonstrated a strong
sensitivity in 16 of 38 of samples. The NDP+PTX was more
effective, with strong sensitivity in 20 of 38 cases tested (42.1%
vs 52.6%, P<0.05).

Figure 3 showed the results of testing DDP and PTX, alone
and in combination, on esophageal cancer cells. DDP dem-

Table 4. Patterns of chemosensitivity exhibited by esophageal cancer
specimens.

Drug/ Strong Partial Weak Resis-
combination sensitivity sensitivity sensitivity tance
PTX 9 5 7 17
ADM 5 5 3 25
5-Fu 7 11 3 17
NDP 9 8 3 18
DDP 8 11 3 16
DDP+PTX 13 11 3 11
NDP+PTX 18 11 1 8
DDP+5-Fu 10 13 4 11
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Figure 3. Results for DDP+PTX in one tumor, showing little activity of the
DDP, but a synergistic increase in activity of the combination compared
with PTX.

onstrated partial sensitivity on its own, but when combined
with the relatively resistance PTX the sensitivity was greatly
improved. DDP and PTX combination had synergistic effect
(IC4=0.75), while NDP and PTX had additive effect (IC4,=0.93)

(Figure 4).

Discussion
It would be of major importance to determine appropriate
drugs to be used for treatment in patients with advanced can-

Table 3. The correlation analysis using Pearson’s rank correlation test among all drugs tested.

Pearson correlation

DDP ADM 5-Fu NDP PTX

DDP Pearson correlation 1 0.569 0.494 0.745 0.862

P (2-tailed) 0.000 0.002 0.000 0.000
ADM Pearson correlation 0.569 1 0.871 0.889 0.712

P (2-tailed) 0.000 0.000 0.000 0.000
5-Fu Pearson correlation 0.494 0.871 1 0.793 0.632

P (2-tailed) 0.002 0.000 0.000 0.000
NDP Pearson correlation 0.745 0.889 0.793 1 0.858

P (2-tailed) 0.000 0.000 0.000 0.000
PTX Pearson correlation 0.862 0.712 0.632 0.858 1

P (2-tailed) 0.000 0.000 0.000 0.000

Acta Pharmacologica Sinica



www.chinaphar.com
Ling ZQ et al

®

405

100
90
80;
70
60
50
40
301 _e— nDP

201 —a—PTX
101 —— NDP+PTX

Percent inhibition

0
200 100 50 25

TDC (100%)

125 6.25

Figure 4. Results for NDP+PTX in one tumor, showing activity of the NDP,
but an additive in activity of the combination compared with PTX.

cer. A number of chemosensitivity assays were developed
over the last decades to predict the responsiveness of tumors
to chemotherapy™2'l. In recent years, the ATP-TCA method is
a novel approach to test chemosensitivity in solid tumors™2,
In present study, the availability of esophageal cancer
samples using the ATP-TCA was 90.5%, which is similar to
the evaluability rates achieved in other ‘cleaner’ tumor types
using this assay” **. Other in vitro studies of esophageal
cancer cells, including the use of the MTT assay and histocul-
ture drug response assay, have produced similar evaluability
rates®™ ). The ATP-TCA has been shown to be more sensitive
than these assays, and to have technical advantages over the
MTT and clonogenic assays” ™" . Previous studies with the
ATP-TCA suggested that the assay was a good model for the
investigation of tumor chemosensitivity and the results so far
showed good correlation with clinical trial results in ovarian
cancer™*'. The chemosensitivity index has been used in pre-
vious studies to differentiate between sensitive and resistant
tumors. The IG5 and ICy, were particularly useful measure
of the efficacy of a drug. In this study we used chemothera-
peutic agents at level related to their peak plasma concentra-
tions, taking into account their degree of protein binding. We
demonstrated that 29% of tumors were sensitive to NDP with
Index <300, and 44.7% partial sensitive, which correlated well
with the clinical response rate seen in patients. The results
show considerable heterogeneity of chemosensitivity between
patients to single agents and to drug combinations (Figure 1).
Some tumor cells responded well to particular drugs or combi-
nations, while other tumor cells showed no response to these,
but instead responded to an alternative regimen. The histo-
grams in Figure 1 all show a bell-shaped (Gaussian-like) dis-
tribution. Other distributions, ie with 2 peaks (one peak with
sensitive and a second peak with resistant tumors) or an equal
distribution without peak did not occur. Hence, bell-shaped
distributions seem to be a general feature for all drugs tested.
In principle, 2 peaks or an equal distribution without peak,
whatever is, is right. But, fundamentally, the peak character-
istic depends on the degree of heterogeneity and the purity of
tumor cells in ATP-TCA analysis. The correlation analysis was
performed using Pearson’s rank correlation test among all five
drugs tested. It was found that there exist positive correlation

among all five drugs tested, suggesting the tumors are cross-
resistant to all drugs. These also reflect the clinical reality that
tumors are frequently rather cross-resistant.

Advanced esophageal cancer with widespread metastasis
to lymph nodes or other organs is difficult to treat and has an
extremely poor prognosis. In China, the most common che-
motherapy single agent used in esophageal cancer was plati-
num compounds. The efficacy of platinum agents against can-
cer cells could be related to inhibition of DNA synthesis or to
saturation of the cellular capacity to repair platinum adducts
of DNA. Paclitaxel binds to tubulin and inhibits the disassem-
bly of microtubules, thereby resulting in the inhibition of cell
division™. Clinical studies demonstrated a range of response
rates to this regimen, most of them between 25% and 50%. We
tested the combinations containing NDP, which was effective
to 29% tumors as a single agent. The combined treatment with
NDP and PTX was the most effective group. 52.6% of samples
were sensitive to adriamycin+paclitaxel using the Index <300
threshold and this was the most sensitive regimen (47.3%).
The adriamycin was commonly used and its clinical activity
against numerous solid malignancies make it an attractive
drug for use in combination therapy®.

In conclusion, there was a marked heterogeneity of chemo-
sensitivity in esophageal cancer. Chemosensitivity testing
might provide a practical method of testing new regimens
before clinical trials in esophageal cancer patients. We believe
that the ability to predict those patients who will respond well
to chemotherapy will be a major step forward.
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