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Abstract
Objective: To evaluate the efficacy of  chemosensitivity-
testing directed chemotherapy in comparison with em-
pirically chosen therapy regimens in patients with ma-
lignant melanoma stage IV.
Patients and Methods: Retrospective study including 14
patients with histologically confirmed malignant
melanoma and diagnosis of  stage IV disease by rou-
tine diagnostic procedures. Patients in group A (n = 7)
were treated according to their individual chemosensi-
tivity testing results, whereas patients in group B (n =
7) received empirically chosen treatment regimens.
Chemosensitivity testing was performed using a non-
clonogenic ATP-TCA assay. For statistical analysis the
Kaplan-Meier method was used to calculate survival
curves. The log-rank test was performed to compare
the overall survival according to treatment group,
LDH level in serum and AJCC-category. To compare
the distribution of  sex, LDH level in serum and
AJCC-category between the treatment groups, the
Fisher exact test was used.
Results: The median overall survival of  group A ex-
ceeded the median overall survival of  group B by 8
versus 3 months, respectively with a median overall
survival of  5 months for the whole study population.
LDH level in serum at study entry showed a strong
correlation with overall survival, with normal LDH
levels leading to a statistically significant longer sur-
vival (p = 0.006 for the log-rank test, respectively).
Moreover, stage AJCC M1a/b yielded to a better prog-
nosis compared with stage AJCC M1c (log-rank test p
= 0.066; not statistically significant).
Conclusion: Chemosensitivity-assay directed therapy
might be a useful tool in determining the optimized
chemotherapeutic drug or drug combination in the in-
dividual patient and might contribute to a better prog-
nosis in patients with metastatic melanoma stage IV.

INTRODUCTION

Whereas early diagnosed melanoma can be cured by
surgical excision, the prognosis of  patients with malig-
nant melanoma stage IV is still poor. According to

Cummins et al. [1], patients with metastatic malignant
melanoma show a median survival rate of  6 months
and a 5-year-survival rate of  less than 5%.

Many ongoing studies are investigating new thera-
peutic modalities including recombinant cytokines (IL-
2, GM-CSF), vaccination and blockades of  the neoplas-
tic signal transduction [2]. One of  the most pro mising
and advanced substances is BAY 43-9006 (Sorafenib),
which functions as a kinase inhibitor with the targets
VEGFR, PDGFR as well as BRAF and CRAF [3]. As a
single agent, sorafenib showed modest activity. Howev-
er in combination with carboplatin and paclitaxel the
results are more encouraging [4]. Indeed, with in current
research interest there is a huge variety of  drugs for tar-
geted melanoma therapy with most of  them inhibiting
kinases leading to reduced proliferation in cancer cells.
However, a ground-breaking success in melanoma stage
IV therapy could not yet been achieved. 

Standard treatment with dacarbacine (DTIC) has
recently shown low response rates of  6% to 7% [5, 6].
Many studies could not demonstrate a significant ben-
efit of  other chemotherapeutic drugs compared to
dacarbacine.

However, a recently published phase II trial com-
paring the outcome of  chemosensitive versus chemo -
resistant patients by Ugurel et al. [7] revealed markedly
better response rates for chemosensitive patients
(59.1% vs. 22.6% for progression arrest, defined as
complete response + partial response + stable disease).
Chemosensitivity was tested using a nonclonogenic
ATP-TCA assay. For each patient a chemosensitivity
index was calculated by summing up the cell viability
in percent at the tested drug concentrations (0-600).
Thus, a higher sensitivity index indicated higher cell vi-
ability and lower drug sensitivity. The authors defined
a threshold sensitivity index of  100 to distinguish be-
tween chemosensitive (index ≤ 100)and chemo resistant
(index ≥ 100) patients.

In their trial the overall survival of  chemosensitive
patients almost doubled the overall survival of  chemo -
resistant patients (14.6 months vs. 7.4 months). All pa-
tients received chemosensitivity-directed therapy ac-
cording to their individual testing results.

October 30, 2007

Eur J Med Res (2007) 12: 497-502                                                                                                                       © I. Holzapfel Publishers 2007

DOES CHEMOSENSITIVITY-ASSAY-DIRECTED THERAPY HAVE

AN INFLUENCE ON THE PROGNOSIS OF PATIENTS WITH MALIGNANT

MELANOMA STAGE IV?

A RETROSPECTIVE STUDY OF 14 PATIENTS WITH MALIGNANT MELANOMA STAGE IV

M. Doerler1, J. Hyun2, I. Venten1, A. Potthoff1, U. Bartke1, K. Serova3, S. Hoextermann1, P. Altmeyer1, 
N. H. Brockmeyer1

1Department of Dermatology, Ruhr-University Bochum, 
2Department of Dermatology, Ruprecht-Karls-University Heidelberg, 

3Institute of Development Research and Development Policy, Ruhr-University Bochum, Germany



Whether chemosensitivity-assay-directed treatment
improves the outcome of  patients with malignant
melanoma stage IV compared to empirically chosen
reference treatment still remains to be investigated.

We performed a retrospective study to compare the
prognosis (overall survival) of  patients with malignant
melanoma stage IV treated either according to their
chemosensitivity assay results or with empirically and
clinically chosen therapy.

PATIENTS AND METHODS

Study design and patient population
This retrospective study included 14 patients with ma-
lignant melanoma, diagnosed stage IV disease between
October 2001 and May 2005. At this time, chemosen-
sitivity assays were performed in 25 malignant
melanoma patients in our clinic (Department of  Der-
matology, Ruhr-University Bochum). All patients were
informed about the tests and had given written con-
sent. The main purpose of  this study was to compare
the overall survival of  patients who had received
chemotherapy according to their chemosensitivity as-
say results (group A) with patients who were treated
with empirically and clinically chosen therapy regimens
in accordance with their individual requests (group B).
Time of  study entrance and the beginning of  therapy
was defined as the month of  diagnosis of  stage IV
disease.

The following criteria were necessary for inclusion
into the study: patients with histologically confirmed
malignant melanoma (1), stage IV disease according to
the American Joint Committee on Cancer criteria (2),
known medical history including overall survival and
known regularly performed staging results (at least
twice yearly) (3).

We excluded patients tested for chemosensitivity
because of  clinically diagnosed satellite and/or in-
transit metastases without other metastases leading to
stage IV disease (1) and patients who did not survive
for at least 2 months after diagnosis of  stage IV dis-
ease because of  advanced metastatic melanoma treat-
ed palliatively without chemotherapy (2) (n = 11).

Chemosensitivity assay
Tumor tissue was gained from metastatic lesions by
surgical excision and immediately sent to our laborato-
ry where it was cleared from fatty and connective tis-
sue. Then, chemosensitivity testing was performed us-
ing a nonclonogenic ATP-TCA assay as described be-
fore (DCS Innovative Diagnostic Systems, Hamburg,
Germany) [8, 9]. Drugs tested were: dacarbacine, gem-
citabine, treosulfan, doxorubicin and the combinations
gemcitabine/treosulfan with or without doxorubicin,
gemcitabine/vindesine, gemcitabine/cisplatin, pacli-
taxel/cisplatin and paclitaxel/doxorubicin. The drug
or drug combination leading to the lowest cell viability
was considered the most effective.

Staging
All patients received regular physical examinations by
dermatologists (at least 4 times a year) and routine di-
agnostic procedures at least twice yearly including
chest x-ray, abdominal/lymph node ultrasound and

computed tomography of  the skull, thorax and ab-
domen to evaluate the progress of  the disease.

Therapy regimens
Group A (7 patients) received chemotherapy accord-
ing to the individual chemosensitivity assay results. In
this group the following therapy regimens were ap-
plied: gemcitabine (1000 mg/m2) in combination with
treosulfan (35mg/kg) days 1 and 8 every 28 days and
liposomal doxorubicin (20mg/m2) day 2 i.v. (4 pa-
tients); gemcitabine (1000mg/m2) in combination with
treosulfan (35mg/kg) days 1 and 8 every 28 days (2 pa-
tients) and doxorubicin (30mg/m2) day 1 in combina-
tion with paclitaxel (100mg/m2) day 2 every 28 days
i.v. (1 patient).

The patients in group B were treated according to
the following regimens: temozolomide (200mg/m2)
days 1-5 every 28 days p.o. (3 patients); temozolomide
(200mg/m2) p.o. days 1-5 in combination with vinde-
sine (3mg/m2) and cisplatin (100mg/m2) day 1 i.v.
every 28 days (1 patient); interferon-alpha-2b (20 Mio
I.E./m2) 5x/week for 4 weeks i.v. with a maintenance
dose of  10 Mio I.E./m2 3x/week for 48 weeks s.c. (1
patient), interferon alpha-2a 3 Mio I.E. 3x/weeks s.c.
for 18 months (1 patient) and Iscador® P 1mg (Vis-
cum alb. ssp. austriac) 3x/week 1 ml s.c. (1 patient).

Statistical analysis
To calculate survival curves (Fig. 2-4) we used the Ka-
plan-Meier method. The log-rank test was performed
to compare survival probabilities between the two
treatment groups (group A and B) and to compare the
overall survival according to LDH level in serum and
AJCC-category. The level of  significance was set at al-
pha = 0.05. To determine whether the LDH levels, the
AJCC categories and the sex of  the patients were dis-
tributed equally among the two treatment groups we
performed the Fisher exact test (alpha = 0.05). 

RESULTS

In this study, a total of  14 patients could be included.
Detailed patient characteristics are shown in Table 1.
Seven (50%) patients received assay-directed chemo -
therapy (group A), whereas the remaining seven (50%)
patients were treated according to empirically chosen
therapy regimens (group B). One patient (group B)
was treated with Iscador® because he refused other
therapeutic options. 

Patient age at study entry ranged from 39-76 years
(median 64.5), respectively, with a median age of  61.0
years for group A and 65.0 years for group B. Group
A included 71.4% women, whereas in group B 42.9%
were female. Before study entry, 50% of  patients had
received interferon-based treatment regimens or
chemotherapy. LDH in serum was elevated in 35.7%
of  the study population (42.9% in group A and 28.6%
in group B, respectively). Detailed data about age, sex,
previous therapy regimens, LDH levels in serum,
AJCC category and metastases are shown in Table 1.
To determine, whether sex, LDH level in serum and
AJCC category were distributed equally among the
two treatment groups, we performed the Fisher exact
test, not leading to significant results, which suggests

EUROPEAN JOURNAL OF MEDICAL RESEARCH498 October 30, 2007



comparable distribution of  these parameters (p =
1.000 2-sided for LDH level and AJCC category; p =
0.592 two-sided for sex). The differences in median
age at study entry were not statistically significant (p =
1.000).

Our study revealed a median overall survival (calcu-
lated from the time of  study entry to death) of  5
months for the study population. All patients had died
by the time of  evaluation of  the results due to the
progress of  melanoma. In group A (assay-directed
therapy) the median overall survival exceeded the
overall survival of  group B (empirically chosen thera-
py) with 8 versus 3 months, respectively (compare Fig.
1 and Fig. 2).

All patients in group A had died 18 months after
study entry, whereas the longest overall survival in
group B was 11 months, respectively (data shown in
Fig. 2). To compare the survival probabilities between
the two treatment groups, we performed the log-rank
test, which yielded to a clearly longer overall survival
of  group A in comparison to group B with a p-value
of  0.055, respectively (data not significant for alpha =
0.05). To evaluate overall survival subject to LDH in
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Table 1. Characteristics of study population.

                                                                                          Group A                                 Group B                              Overall
                                                                               (assay-directed therapy)       (empirically chosen therapy)
                                                                                      n = 7 (100%)                          n = 7 (100%)                     n = 14 (100%)

Sex                                                                                                                                                                                      
   Male                                                                               2 (28.6%)                                4 (57.1%)                            6 (42.9%)
   Female                                                                           5 (71.4%)                                3 (42.9%)                            8 (57.1%)

Median age at study entry (range)                                61.0 years                                 65 years                             64.5 years
                                                                                      (39 - 73 years)                         (58 – 76 years)                    (39 – 76 years)

Median age at primary diagnosis (range)                    60.5 years                                 64 years                             63.0 years
                                                                                      (35 – 72 years)                         (56 – 73 years)                    (35 – 73 years)

Previous therapy
   Yes                                                                                2 (28.6%)                                5 (71.4%)                            7 (50.0%)
   No                                                                                 5 (71.4%)                                2 (28.6%)                            7 (50.0%)

Previous therapy in detail
   Interferon-alpha-2b                                                       1 (14.3%)                                1 (14.3%)                            2 (14.3%)
   Interferon-alpha-2a                                                       1 (14.3%)                                3 (42.9%)                            4 (28.6%)
   Localized chemotherapy                                               0 ( 0.0%)                                 1 (14.3%)                            1 ( 7.1%)
   None                                                                             5 (71.4%)                                2 (28.6%)                            7 (50.0%)

Serum LDH
   In range                                                                         4 (57.1%)                                5 (71.4%)                            9 (64.3%)
   Elevated                                                                        3 (42.9%)                                2 (28.6%)                            5 (35.7%)

Metastases
  Skin and/or lymph nodes                                              6 (25.0%)                                7 (35.0%)                           13 (29.5%)
   Lung                                                                              6 (25.0%)                                2 (10.0%)                            8 (18.2%)
   Liver                                                                              3 (12.5%)                                4 (20.0%)                            7 (15.9%)
   Bone                                                                              2 ( 8.3%)                                 1 ( 5.0%)                             3 ( 6.8%)
   Brain                                                                              4 (16.7%)                                4 (20.0%)                            8 (18.2%)
   Others                                                                           3 (12.5%)                                2 (10.0%)                            5 (11.4%)
   Total                                                                            24 (100.0%)                            20 (100.0%)                        44 (100.0%)

AJCC-category
   M1 a/b                                                                          4 (57.1%)                                3 (42.9%)                            7 (50.0%)
   M1c                                                                               3 (42.9%)                                4 (57.1%)                            7 (50.0%)

Fig. 1. Boxplot showing the overall survival subject to 
treatment group. The median overall survival of group A ex-
ceeded the median overall survival of group B with 8 vs. 3
months.



serum (normal vs. elevated at study entry) and AJCC
category (M1a/b vs. M1c at study entry) we per-
formed further statistical analysis using the Kaplan-
Meier method. Patients with normal LDH levels in
serum showed a significant longer overall survival with
p = 0.006 for the log-rank test. Moreover, overall sur-
vival of  patients at stage M1a/b exceeded overall sur-
vival of  patients at stage M1c (p = 0.066 for the log-
rank test; data not significant). Overall survival curves
subject to LDH level in serum and AJCC category are
shown in Figures 3 and 4.

DISCUSSION

The main purpose of  our study was to evaluate,
whether chemosensitivity-directed chemotherapy im-
proves the overall survival of  patients with malignant
melanoma stage IV in comparison with empirically
chosen treatment regimens. It is known that metastatic
malignant melanoma is extremely refractory to exist-

ing therapies with a median survival rate of  6 months
and 5-year survival rate of  less than 5% according to
Cummins et al. [1]. Up to today, monochemotherapy
with DTIC remains the standard treatment for stage
IV melanoma since multiple studies could not show a
significant benefit of  other cytostatic drugs. A recently
published review by Garbe et al. [10] lists similar re-
sponse rates for interferon-alpha and several cytostatic
drugs including dacarbacine and temozolomide in the
treatment of  metastatic melanoma [11, 12]. Moreover,
combined treatment regimens including multiple cyto-
static drugs and/or interferons could not demonstrate
a prolonged survival of  patients with metastatic malig-
nant melanoma [13]. Middleton et al. [14] performed a
phase III study to evaluate the effectiveness of  temo-
zolomide (TMZ) vs. dacarbacine (DTIC) in patients
with metastatic malignant melanoma. Their trial in-
cluded 305 patients and yielded to a median survival of
7.7 months for the TMZ group compared to 6.4
months for the DTIC group. Therefore we claim that
temozolomide and interferon-alpha administered in
the majoritiy of  patients in group B (6/7) are possible
reference treatments.

Our results show that patients treated with the most
effective drug or drug combination according to
chemosensitivity testing had a much longer overall sur-
vival in comparison with patients, whose treatment
was chosen empirically. In detail, patients in group A
had a median overall survival of  8 months compared
to 3 months in group B (compare Fig. 1 and Fig. 2).
Ugurel et al. [7] showed that the objective response of
assay-directed chemotherapy exceeded the objective
response to DTIC monochemotherapy by 24.5% vs.
6-7% as determined in previous studies [5, 6]. A re-
cently published review about chemotherapy for
metastatic melanoma [15] lists response rates of  less
than 12% for single-agent DTIC. In our opinion, the
longer overall survival of  patients treated according to
their chemosensitivity assay results (group A) and the
finding that assay-directed chemotherapy shows higher
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Fig. 2. Kaplan-Meier curves illustrating the overall survival of
group A (assay-directed chemotherapy; dotted line) compared
to group B (empirically chosen therapy; continous line).

Fig. 3. Kaplan-Meier curves illustrating the overall survival of
patients with normal serum LDH at study entry (dotted line)
in comparison to patients with elevated serum LDH at study
entry (continous line).

Fig. 4. Kaplan-Meier curves illustrating the overall survival
subject to AJCC-category. The continous line shows the over-
all survival of patients at stage M1c at study entry. Overall
survival of patients at stage M1a/b at study entry is shown by
the dotted line.
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rates of  objective response indicate, that chemosensi-
tivity testing is a useful tool to determine which cyto-
static drug or drug combinations should be used in the
given patient. 

The difference of  overall survival between group A
(assay-directed therapy) and B (empirically chosen
therapy) was only slightly above the level of  statistical
significance with a p-value of  0.055 and possibly this
was due to the small patient number.

In our study, group A included 71.4% women,
where as in group B only 42.9% were female. One
could argue that this contributed to the prolonged
overall survival in group A since many studies showed
a better prognosis for women in comparison to men
with malignant melanoma. However, the better course
of  the disease in women is usually confounded by dif-
ferences in thickness, ulceration, and localization of
the melanoma [16] since women in general show thin-
ner melanomas and less frequently ulcerations [16, 17].
Our patients were diagnosed stage IV disease at study
entry. In this stage of  malignant melanoma, the out-
standing prognostic factor seems to be the site of
meta static involvement. A study comparing the 1-year
survival rates of  1158 patients with distant metastases
yiel ded to 1-year survival rate of  59% for patients with
lymph node or subcutaneous metastases and 57% for
patients with lung involvement compared to only 41%
for patients with other visceral organ involvement [18,
19]. In other words, patients at stage M1a/b showed a
better prognosis than patients at stage M1c. Since
there was no statistically significant difference in
AJCC-category between the two treatment groups in
our study, we claim that the sites of  metastases were
not crucial for the difference in overall survival be-
tween group A and group B.

Patients with elevated serum LDH showed a signifi-
cantly poorer overall survival compared to patients
with normal serum LDH at study entry. Moreover, the
prognosis for patients at stage M1a/b was more
promising than for patients at stage M1c (compare Fig.
3 and Fig. 4). These results correspond to the results
of  the prospective phase II trial by Ugurel et al. [7].

To our knowledge this is the first study evaluating
the effectiveness of  chemosensitivity-directed chemo -
therapy in comparison with empirically chosen treat-
ment regimens in patients with malignant melanoma
stage IV. Due to the small patient number, our results
need to be interpreted with caution.

Contemplating other solid tumors, e.g. pretreated
ovarian cancer, two prospective clinical trials showed
triple the response rates and nearly double the survival
for patients treated with assay-directed regimens com-
pared to empirically chosen regimens [20].

Thus, we think that our results together with the
findings of  Ugurel et al. are encouraging for prospec-
tive randomized clinical trials comparing assay-direct-
ed treatment regimens with empirically chosen regi-
mens in patients with malignant melanoma.
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