Aim of the study: To investigate the
efficacy of evaluating prognosis and
response to lung cancer treatment us-
ing M30 and M65 antigens, which are
indicators of necrosis.

Material and methods: Forty-eight
patients with lung cancer, who were
planned to receive neoadjuvant che-
motherapy, and 38 healthy volunteers
were enrolled in the study. Using M30
and M65 levels, cytokeratin 18 lev-
els were measured twice: before and
48 hours after the first chemotherapy
treatment. Apoptotic and total necro-
sis levels were determined by measur-
ing the M65 and M30 levels.

Results: The M30 and M65 antigen
levels in the patient group were signifi-
cantly higher than in the control group
(p < 0.001). The M30 and M65 anti-
gen levels were significantly higher 48
hours after the chemotherapy com-
pared with before the chemotherapy
(p < 0.001). There were no significant
differences in M65 levels between pa-
tients who responded to treatment
and patients who progressed. The
M30 levels increased significantly in
patients with disease progression (p =
0.694 and p = 0.024, respectively). No
significant differences in serum M30
and M65 antigen levels were found
when compared between the surviv-
ing and deceased patients (p = 0.126
and p = 0.340, respectively).
Conclusions: A significant increase
was detected in serum M30 and M65
levels in patients with lung cancer.
There was a greater increase in serum
M30 levels in patients who did not
respond to the chemotherapy. This
result gives rise to the thought that
evaluating apoptosis and total necro-
sis through M30 and M65 measure-
ments alone only in patients receiving
neoadjuvant chemotherapy would be
insufficient for specifying the effec-
tiveness of the treatment.
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Introduction

One of the most important aims in the administration of medication in
lung cancer, which causes mortality related to cancer, is to expedite apop-
tosis in neoplastic cells [1]. Thus, monitoring necrosis may be used to de-
termine the efficacy of anti-cancer treatment. However, to our knowledge,
no indicators have been proven to be reliable in this regard in the relevant
literature.

Cytokeratin 18 (CK-18) is the primary element of epithelial and endothelial
filaments. It is produced by proliferating cells and is excreted into circulation
when the membrane disintegrates during necrosis. Caspase causes CK-18
to fracture only within cells that die due to apoptosis [2]. The M30 monoclo-
nal antibody recognises the fractured part (M30 antigen), particularly during
apoptosis of CK-18; therefore, CKs could be used as an apoptotic indicator
[3]. The M65 antigen levels are related with total CK-18, which accounts for
total necrosis.

In monitoring necrosis, measuring the amount of substances produced
and excreted in the blood during necrosis is a simple method. Cytokeratins,
which are one of the indicators measured in blood, have been suggested
to have advantages owing to their ability to show a distinction between
apoptosis and necrosis [4]. Normally, CKs in healthy individuals have lower
circulating levels in the blood. A significant increase is observed in cancers
related to epithelial cells [5], which eliminates the likelihood of serum levels
being under the effects of non-epithelial organs such as bone marrow, given
that bone marrow is the most affected organ during chemotherapy, thereby
suggesting the significance and advantage of CK-18 measurements when
monitoring the response of cells during cancer treatment [6].

This aim of the present study was to investigate the efficacy of M30 and
M65 antigen measurements in the evaluation of prognosis and response to
treatment in lung cancer. Our study is the first to examine the effectiveness
of treatment among patients receiving neoadjuvant chemotherapy, who had
not yet undergone surgery, and the association between apoptosis and ne-
crosis parameters.

Material and methods

Patients aged over 18 years, who were diagnosed as having lung cancer
and were planned to receive neoadjuvant chemotherapy treatment were
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enrolled in the study group. Patients with secondary ma-
lignancies, patients with renal and hepatic disorders, and
those with poor bone marrow function were excluded. The
control group comprised volunteer individuals who were
aged over 18 years, were not under any medication, and
had no common diseases. Ethics committee approval was
obtained from the Board of Research and Ethics of the
Medical Faculty. Written, informed consent was obtained
from all participants.

For measuring serum CK-18 levels, samples were taken
from the patient group twice: first, before the first chemo-
therapy treatment; and second, 48 hours after the che-
motherapy. Blood was only drawn once from the control
group. The second blood sample scheduled for 48 hours
after treatment could not be taken from five patients in
the study group, one patient was referred to another in-
stitution due to cranial infarction after chemotherapy, and
four patients were out of town.

The TNM staging system was used to stage the patients
according to the American Joint Committee on Cancer, and
computed tomography (CT) monitoring was performed
primarily. However, in conditions where CT was insuffi-
cient in staging, positron emission tomography (PET/CT)
was used.

When the treatment finished, the response of the pa-
tients to chemotherapy was defined according to the Re-
sponse Evaluation Criteria in Solid Tumours (RECIST) ver-
sion 1.1. According to this, complete reduction of the tumour
is considered a full response, a 30% decrease in tumour size
is considered partial response, a 20% increase in tumour
size is regarded as progressive disease, and small changes
outside these criteria are evaluated as stable disease. The
ages, sexes, histologies, TNM stages, chemotherapy pro-
tocols, adverse effects due to chemotherapy, and best re-
sponse parameters of our patients (partial response, stable
disease, progressive disease) were evaluated.

The serum CK18 levels were measured using an M65
enzyme-linked immunosorbent assay (ELISA) (Pevi-
va, AB-Sweden) and M30-ELISA (Peviva, AB-Sweden)
kits. The M30 ELISA is a quantitative specific and sensi-
tive measurement method for caspase fractional CK-18

(CK-18Asp396-NE: M30 neo-epitope). The M65-ELISA kit
was used to measure total CK-18. The apoptotic and total
necrosis levels could be identified using the M65 and M30
ELISA kits.

With the effects of caspase, which is an enzyme group
activated only in apoptotic cells, CK-18 forms fractured
CK-18 (CK-18-Asp396) [7]. The M30 monoclonal antibody
provides use for CKs as apoptotic indicators, particularly
by recognising the fractured fragment (M30 antigen) in
Asp396 of CK-18 (Fig. 1). Thus, the fractured CK-18, which is
an indicator specific to apoptosis, is revealed by using the
ELISA method. The presence of M30 antibodies recognis-
ing these specific CK-18 fragments indicates the presence
of apoptosis.

Statistical analysis

The normality and homogeneity of the data were eval-
uated using the Kolmogorov-Smirnov test and Levene’s
test, respectively. Comparisons between groups for contin-
uous variables were performed using Student’s t-test (nor-
mal distribution) or the Mann-Whitney U test (non-normal
distribution). Fisher’s test or the y? test was used for all
categorical data. A paired sample t test or the Wilcoxon
test was conducted to compare the measurements of pa-
tients before and after chemotherapy. The associations
between the recovery period and M30 and M65 ratios
before the treatment were investigated using Pearson’s
correlation analyses. Basal serum M30 and M65 antigen
levels according to stages and clinical response to chemo-
therapy were compared using the Kruskal-Wallis test. All
calculations were conducted using the Statistical Package
for the Social Sciences version 16.0 statistical package
(SPSS, Chicago, IL, USA). The p < 0.05 was considered sta-
tistically significant.

Results

Forty-eight patients (women n = 2, 4.2%; men n = 46,
95.8%) who were diagnosed as having lung cancer and
were planned to receive neoadjuvant chemotherapy and
38 healthy volunteers (women n = 2, 53%; men n = 36,
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Fig. 1. Breakdown of cytokeratin 18 with caspases and M30 antibody recognises these regions
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94.7%) participated in this study. The average age of the
patients was 57.5 +9.3 years. The majority (87.5%) of the
patients had histologic type squamous cell carcinoma, 8.3%
had adenocarcinoma, and 4.2% had large cell carcinoma.
In terms of tumour stage, 47.9% had stage IlIA cancer,
39.6% had stage llIB cancer, and 2.5% had stage IV disease.
Thirty-six (75%) patients received docetaxel + cisplatin, nine
(18.8%) received paclitaxel + carboplatin treatment, and
three (6.3%) received gemcitabine + cisplatin treatment.
According to the chemotherapy protocols, when the M30
and M65 levels were compared between the 36 patients
receiving docetaxel + cisplatin treatment and the nine pa-
tients receiving paclitaxel + carboplatin treatment before
(baseline) the treatment, there was no significant difference
(p =0.267 and p = 0.686, respectively).

The serum M30 and M65 antigen levels of the control
group and patient group before and 48 hours after the
chemotherapy treatment are presented in Table 1. The
M30 and M65 antigen levels of the patient group were sig-
nificantly higher than in the control group. The M30 and
M65 antigen levels were significantly higher 48 hours after
the chemotherapy than before the chemotherapy.

According to the RECIST criteria, the response rate to
the neoadjuvant treatment was 60.5%; four patients
(9.3%) had a full response, and 22 (51.2%) had a partial
response. After the treatment, stable disease was detect-
ed in three patients (7%) and progression was observed in
14 patients (32.5%). No significant differences were found
when the M30 and M65 levels before treatment were com-
pared among patients who responded to treatment and
those with disease progression (p = 0.795, p = 0.097, re-
spectively) (Table 2). There were no differences in baseline
M30 and M65 antigen levels according to the patients’
stages (Table 2).

The average survival time was 14.75 +9.51 months and
the 12-month survival probability was 68.4%. According to
Pearson’s correlation analysis performed between the sur-
vival time and M30 and M65 levels before treatment, no
significant relation was revealed (p = 0.678 and p =0.055,
respectively).

The levels of serum M30 and M65 in patients after che-
motherapy were calculated to indicate the percentage (%)
change from before the chemotherapy treatment. The per-
centage change was calculated using the following formula:

variation % = 100 x (M30 or M65 levels two days after
chemotherapy —M30 or M65 levels before chemotherapy) /
M30 or M65 levels before chemotherapy

The findings showed that the M30 levels in patients
who responded to the treatment increased by 34%, and
the M65 levels increased by 68%. The M30 levels in pa-
tients with disease progression increased by 78%, and
the M65 levels increased by 54%. When we take the per-
centage variation of the patients into account, the find-
ings indicated that there was no difference in M65 levels
when compared between patients who and did and did
not respond to treatment. By contrast, the M30 levels in-
creased significantly in patients with disease progression
(p = 0.694 and p = 0.024, respectively).

Eighteen out of the 48 patients who were treated with
neoadjuvant chemotherapy underwent surgery after the
treatment. A full pathologic response was found in eight
of the 18 patients who underwent surgery. The average
serum M30 antigen level in patients with a full response
was 142.75 +58.97, and the average serum M65 antigen
level was 169.75 +85.63. The average M30 antigen level
in 10 patients who did not respond pathologically was
140.90 +54.16, and the average serum M65 antigen level
was 158.20 +52.24. When the baseline M30 and M65 ra-
tios of patients who did and did not respond totally were
compared, no significant variation was revealed (p = 0.965
and p = 0.203, respectively) (Table 3). No significant varia-
tion was revealed when the baseline serum M30 and M65
antigen levels of patients who did and did not have a full
pathologic response were compared (p = 0.696 and p =
0.274, respectively).

Twenty-three of the 48 patients in the study group died.
The average baseline serum M30 level was 171.64 +139.71
in the surviving 25 patients, whereas it was 155.34 +71.3

Table 1. Comparison of serum M30 and M65 levels of patient and control groups

Variables Control group Before chemotherapy (baseline)  After chemotherapy (48 hour) p
(n=38) (n = 48) (n=43)

M30 level 76 (65-127) 131 (109-186) 176 (136-249) < 0.001, < 0.001"

M60 level 285 (226-416) 397 (278-509) 575 (416-778) < 0.057, < 0.001"

Data are expressed as median (including the lower and upper quartiles), Mann-Whitney U test was used for comparisons between the groups for M30 and M60

level, and Wilcoxon test was conducted to compare the measurements of patients before and after chemotherapy, “ comparison of serum M30 or M60 antigen levels
of healthy control group and patients who had not yet received chemotherapy, ~ comparison of serum M30 or M60 antigen levels before and after chemotherapy.

Table 2. Baseline serum M30 and M65 antigen levels according to stages and clinical response to chemotherapy

Variables Patients responding Patients with p Stage 3A Stage 3B Stage 4 p
to treatment progression
(n=29) (n=14)
Serum M30 level 138 (111-195) 126 (119-175) 0.795 127 (113-194) 132 (114-156) 180.0 £57.1 0.435
Serum M65 level 371 (258-507) 501 (316-733) 0.097 353 (226-497) 373 (276-554) 543.0 £82.3 0.059

Data are expressed as the mean +SD or median (including the lower and upper quartiles), Mann-Whitney U test was used for comparisons between the groups
for M30 and M60 level and basal serum M30 and M65 antigen levels according to stages and clinical response to chemotherapy were compared using the
Kruskal-Wallis test
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Table 3. Baseline serum M30 and M65 antigen levels in patients according to pathologic response and survival

Variables Pathologically responsive Patients with no pathologic p Surviving patients Deceased p
patients complete response (n=25) patients
(n=28) (n=10) (n=23)
M30 level 142.75 +58.97 140.90 +54.16 0.965 171.64 +139.71 155.34 +71.30 0.959
M65 level 169.75 +85.63 158.20 £52.24 0.203 419.68 +253.86 455.56 +68.15 0.584

Independent sample t-test was used for statistical analysis

in the 23 patients who died. The average M65 level in the
surviving patients was 419.68 +253.86, and it was 455.56
+268.154 in those who died. However, when the baseline
ratios of M30 and M65 of the surviving and deceased pa-
tients were compared, there was no significant variations
(p = 0.959 and p = 0.584, respectively) (Table 3). A 33%
increase in serum M30 antigen levels was detected in the
surviving 24 patients after treatment, whereas a 63% in-
crease was present after treatment in the 19 patients who
died. A 72% increase in serum M65 levels was found after
treatment in the 24 surviving patients, whereas the in-
crease was 55% in the 19 patients who died. However, no
significant differences in serum M30 and M65 antigen lev-
els were found when compared between the survivors and
patients who died (p = 0.126 and p = 0.340, respectively).

Discussion

Today, detecting whether cancer treatment is effective
in the early period is important in order to be able to make
earlier modifications to the treatment protocol. Cancer
treatment causes tumour necrosis through apoptosis [8];
therefore, apoptosis is an important parameter in evalu-
ating the effectiveness of cancer treatment. Measuring
macromolecules in the serum released from the necrosis
of tumours during chemotherapy is accepted as an effec-
tive and inexpensive method of monitoring the efficacy of
treatment. Fractured CK-18 (M30) is only formed as a re-
sult of fracture by caspases, which are protease enzymes
specific to the total CK-18 apoptosis in necrosis. It is con-
sidered that the M30 fractions of cytokeratins indicating
apoptotic necrosis and the M65 fraction indicating total
necrosis can be used to evaluate cancer necrosis [2]. In
our study, using ELISA, we measured M30, which is one
of the products generated from apoptotic cells, and M65
antigen levels indicating total necrosis, and we aimed to
predict the response to neoadjuvant treatment among pa-
tients with lung cancer. We also sought to evaluate the
use of these measurements as prognostic and predictive
parameters. We should highlight that several studies have
measured M30 and M65 antigen levels in patients with
lung cancer; however, incompatible results have been re-
ported. This situation may have resulted from tumours
that have completely different features and the medicines
used, which have different tumour-killing mechanisms. In
our study, the clinical monitoring parameters of M30 and
M65 levels were evaluated for the first time in patients re-
ceiving only neoadjuvant treatment and their relationship
with chemotherapy, and an objective evaluation was per-
formed according to whether a pathologic response was

present after the patients underwent surgery. Thus, we
tried to objectively clarify this controversial subject.

In the study by Kramer et al. [2], an increase was found
in the number of apoptotic cells 24 and 48 hours after
breast cancer treated with cisplatin. The total CK-18 and
fractured CK-18 levels in local bloods of patients with ma-
lignant endometrial cancer were detected higher than in
peripheral blood levels. These results were interpreted as
meaning that total CK-18 and fractured CK-18 were gen-
erated by tumours. In studies conducted on patients with
lung cancer, head and neck tumours, and breast cancer,
the findings showed that patients had higher M30 and
M65 antigen levels than the controls [3, 9, 10]. In our study,
we detected higher M30 and M65 levels in patients with
lung cancer than in the control group, which supports our
hypothesis.

Given that there is not always a dominant necrosis type
during cancer treatment, both apoptosis and total necro-
sis must be monitored. Therefore, we evaluated M30 and
total necrosis in patients with lung cancer by measuring
M65, and we revealed the relationship between necrosis
and other clinical parameters.

Oztiirk et al. considered that serum M30 levels in head
and neck tumours might have prognostic importance [9].
Ueno et al. detected that the M30 antigen levels of pa-
tients with breast cancer, who were in poor clinical condi-
tion, were higher than in healthy patients [3]. However, no
relation among the prognoses of the patients and the M30
antigen levels was revealed. In a study on patients with
gastric cancer, M30 and M65 antigen levels were related to
non-progressive recovery [11]. In another study conducted
among patients with advanced gastric cancer, it was spec-
ified that M30 levels were beneficial in estimating recov-
ery and the treatment response of the tumour [12]. M30
antigen levels are considered as an interesting marker in
terms of residual tumour after surgery in colorectal can-
cers and early recurrence. It has also been suggested in
various studies that M65 antigen levels might indicate the
common disease [13, 14]. In our research, no relationship
between M30 and M65 antigen levels or between recovery
and disease stage were detected. However, as the stage of
the disease increased, albeit not statistically significantly,
we detected an increase in serum M65 levels. For detecting
relations between long-term prognosis and cytokeratins,
long-term, monitored, prospective studies are required.

In the study by Ulukaya et al., the 24- and 48-hour se-
rum M30 levels were high in patients who received cis-
platin-based chemotherapy [10]. No relationship between
M30 antigen levels and the recovery period was detected
after chemotherapy. However, serum M65 levels were not
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evaluated in their study. Hou et al. considered that serum
M30 and M65 antigen levels were important prognosti-
cally in terms of recovery in patients with small-cell lung
cancer [15]. Within the same study, the findings showed
that serum M30 and M65 antigen levels peaked at the 48"
hour and decreased after the 22" day, which indicated the
response of the tumour. The increase at the 48™ hour was
associated with early response and toxicity. In our study,
after similar chemotherapy, the M30 and M65 antigen lev-
els measured at the 48" hour had increased from baseline.
However, we considered that the baseline M30 and M65
levels were not significant in terms of recovery.

In our study, the M30 and M65 levels in patients who
did and did not respond to treatment increased after che-
motherapy. The increase in M65 levels of all patients who
did and did not respond treatment was twice as high as
the total M30 level (68% and 34%, respectively, before
treatment). The increase in M65 levels of patients who
failed to respond to treatment was lower than the total
M30 level (54% and 78%, respectively, of the value before
treatment). This finding suggests that the type of necrosis,
rather than apoptosis after chemotherapy, in patients with
lung cancer is more important.

Chu et al estimated that apoptotic necrosis was less
in patients with small sub-celled lung cancer receiving
paclitaxel chemotherapy, but necrotic necrosis came into
prominence; these results are compatible with those of
our study [16]. However, when the M30 and M65 levels of
patients who did and did not respond to treatment were
compared, although a significant difference was not de-
tected, the findings showed that M30 ratios significantly
increased more in patients who failed to respond to treat-
ment. Demiray et al. detected a significant increase in the
24™ and 48™ hour serum M30 levels of patients with local
advanced breast cancer, who received neoadjuvant treat-
ment and responded; however, they stated that the levels
did not change in patients who failed to respond [17].

It has been considered that the induction of apoptosis
after treatment enables patients with cancer to be treated
much better. In line with this opinion, it has been report-
ed that there was a positive relation between the clinical
response of patients with local advanced breast cancer
who received neoadjuvant chemotherapy and increased
apoptosis [18]. However, our findings are incompatible
with this. Our findings showed that the increase in M30
of patients who failed to respond to treatment might cor-
relate with the treatment response of the tumour. The
results of a study conducted on patients with testicular
germ cell cancer also support our notion. A correlation
between post-treatment serum M30 and M65 levels and
prognostic indicators were detected. This was considered
probably to be an indication of the treatment response of
the tumour. In the end, as our study indicates, the find-
ings showed that serum M30 and M65 levels significantly
increased after treatment in patients with poor prognosis
[19]. Ustaalioglu et al. indicated that M30 and M65 levels
were incapable of estimating response after chemothera-
py in patients with non-small cell lung cancer [20]. Howev-
er, in their study, they found that high levels of M30 were
an independent risk factor in terms of recovery. These re-

sults give rise to the thought that M30 and M65 levels do
not provide sufficient data to evaluate treatment response
in lung cancer. On the other hand, Badzio et al. found that
high expression of keratin-specific antibodies AE1/AE3 is
a favourable prognostic factor in surgically treated small
cell lung cancer [21]. Due to our data being the first in pa-
tients with lung cancer, who received neoadjuvant treat-
ment, there is a need for further studies in which tumours
with different treatment responses are considered, and in
creating different responses to chemotherapy [22].

One of the most important limitations in our study is
the small cohort of patients. The other limitation is the
non-measurement of M30 and M65 levels after the first
chemotherapy, and the levels before and after other
chemotherapies. Accordingly, we could not monitor the
changes in time of M30 and M65 levels.

Conclusions

In our study, a significant increase was detected in
serum M30 and M65 levels in patients with lung cancer
when compared with healthy individuals, suggesting that
M30 and M65 could be used as predictive markers. M30
and M65 must be measured together in patients with lung
cancer in the evaluation of necrosis, given that our find-
ings indicate that chemotherapy and non-apoptotic necro-
sis are more prominent. Serum M30 levels increased much
more in patients who failed to respond to chemotherapy,
when compared with patients who responded. This re-
sult suggests that evaluating apoptosis and total necrosis
through M30 and M65 measurements alone in patients
receiving neoadjuvant chemotherapy will be insufficient
to specify the effectiveness of treatment. No relation was
detected between the recovery of M30 and M65 levels
and various prognostic indicators. These findings suggest
that many factors, particularly tumour treatment response
apart from apoptosis, influence the effectiveness of treat-
ment and prognosis.

The authors declare no conflict of interest.
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