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Comparative analysis of ATP-based tumor
chemosensitivity assay-directed chemotherapy
versus physician-decided chemotherapy

in platinum-resistant recurrent ovarian cancer*
Ning Li', Yutao Gao', Wei Zhang?, Xiaoguang Li', Bin Li', Haimei Tian?, Yanfen Li?,
Lingying Wu' (D<)

! Department of Gynecological Oncology, National Cancer Center/Cancer Hospital, Chinese Academy of Medical
Sciences and Peking Union Medical College, Beijing 100021, China

2 Biological Testing Center, National Cancer Center/Cancer Hospital, Chinese Academy of Medical Sciences and
Peking Union Medical College, Beijing 100021, China

Objective The aim of the study was to evaluate the role of ATP-based tumor chemosensitivity assay
(ATP-TCA) in patients with platinum-resistant recurrent ovarian cancer (PRROC).

Methods A total of 43 patients with PRROC who underwent chemotherapy based on the results of ATP-
TCA in the Cancer Hospital, Chinese Academy of Medical Sciences were included in the present study. As
controls, we selected another 43 patients with PRROC who were treated at the physician’s discretion within
the same time period and had the same clinical characteristics as the patients in the ATP-TCA group. Log-
rank test and Cox proportional hazards model were adopted for analysis.

Results Atotal of 86 patients were retrospectively analyzed in the present study. Patients were routinely
monitored to evaluate the rate of progression-free survival (PFS). The median follow-up time was 13
months. The PFS for the ATP-TCA and control groups was 5 and 3 months, respectively (P = 0.027).
Multivariate analysis showed that the type of treatment was an independent prognostic factor for PFS (P =
0.040; HR: 0.623; 95% ClI: 0.313-0.973). Subgroup analysis showed that among patients with a treatment-
free interval (TFI) of = 3 months (n = 50), those in the ATP-TCA group had longer PFS than those in the
control group (7 vs 4 months, P = 0.010). Meanwhile, the median PFS of patients who underwent < 2 prior
chemotherapy regimens (PCR, n = 52) in the ATP-TCA and control groups was 6 months and 4 months,
respectively (P = 0.025).

Conclusion ATP-TCA-directed chemotherapy might improve the PFS in PRROC. In particular, the
survival benefit from ATP-TCA is higher in patients with a TFI of 2 3 months or treated with < 2 PCR.
Keywords: epithelial ovarian cancer; platinum-resistance; recurrence; ATP-based tumor chemosensitivity
assay (ATP-TCA)

Abstract
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The prognosis of epithelial ovarian cancer is rather
poor. The 5-year survival rate for patients with advanced
ovarian cancer remains at approximately 30%—-40%, and
chemoresistance after relapse is among the main causes.
Currently, second-line chemotherapy for patients with
platinum-resistant recurrent ovarian cancer (PRROC)
is selected mainly based on the clinical experience of
the physicians, results of clinical trials, and guidelines

organizations.
cytotoxic agents for patients with PRROC are available,
including docetaxel, topotecan, gemcitabine (GEM),
liposomal doxorubicin, paclitaxel (weekly therapy),
and etoposide (oral). Previous reports have shown that
the overall response rate of second-line chemotherapy
is approximately 20%-30% 3. Patients who show no
response to certain chemotherapeutics might respond to
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another, suggesting considerable clinical heterogeneity
in tumor chemosensitivity. According to literature, a
portion of patients still achieve complete remission after
receiving second-line chemotherapy and has prolonged
progression-free survival (PFS) of more than 5 years >
%l However, how to select the most effective cytotoxic
drugs or drug combinations for individualized treatment
remains to be solved.

A chemosensitivity assay assesses tumor responses
to a particular chemotherapeutic agent by using cells
primarily cultured from the tumor specimen. This allows
for the identification of agents with a strong anti-tumor
activity, and those with no anti-tumor activity are
excluded. The result of a chemosensitivity assay provides
the basis for clinical decision-making concerning
chemotherapeutic regimens. Both the American Society
of Clinical Oncology © and National Comprehensive
Cancer Network 7} encourage researchers to conduct
clinical trials related to chemosensitivity assay.

Several types of chemosensitivity assays have been
reported. The ATP-based tumor chemosensitivity
assay (ATP-TCA) was developed based on the principle
that the amount of endogenous ATP in cells instantly
reflects cell viability and the number of viable cells.
Therefore, intracellular ATP content can be used to
evaluate the anti-tumor effect of various chemotherapy
drugs. In 1988, Sevin et al !® at the University of Miami
employed ATP-TCA for the first time to examine the
chemosensitivity of ovarian cancer tissues. Since then,
many studies have indicated a good correlation between
the results of ATP-TCA and clinical responses in patients
with ovarian cancer. However, the results of ATP-TCA
were not completely consistent with the clinical response
of patients with ovarian cancer in different study
populations. This indicates that ATP-TCA might play
a role in only a particular group of patients. A series of
studies reported that chemosensitivity testing on primary
ovarian cancer prior to the initial chemotherapy failed
to improve the PFS and overall survival (OS) 2. Initial
paclitaxel (PTX)/platinum chemotherapy usually achieves
a response rate of over 70% in epithelial ovarian cancer.
It is highly likely that conducting ATP-TCA would not
challenge the primary care for additional therapeutic
benefit. Therefore, identifying patients who can benefit
from ATP-TCA is important. Our previous retrospective
study has shown that patients with PRROC benefit
limitedly from experience-guided chemotherapy 3. By
contrast, ATP-TCA-guided chemotherapy extended PFS
by 3 months (ATP-TCA guided group vs. experience-
based group: 5 months vs. 2 months, respectively) 13,
Based on our previous findings, the present study further
evaluated the role of ATP-TCA in the treatment of
PRROC and aimed to identify the patient population who
require ATP-TCA.

http://otm.tjh.com.cn

Materials and methods

Patients’ eligibility

Patients with ROC who were admitted to Cancer
Hospital, Chinese Academy of Medical Sciences between
July 2010 and June 2013 were included in the present
study, if the following inclusion criteria were met:
(1) patients were previously histologically diagnosed
with epithelial ovarian cancer; (2) patients had PRROC
(the last chemotherapy was a platinum-containing
regimen, and the time interval from completion of the
last chemotherapy to progression or recurrence was < 6
months); (3) tumor specimens or aspirates from malignant
ascites/pleural effusion could be obtained for ATP-TCA;
(4) patients had a Karnofsky performance status score of
60-100 points; and (5) the expected survival was more
than 4 months.

Forty-three patients with PRROC were assigned to the
ATP-TCA-guided chemotherapy group. This study was
approved by the Cancer Hospital, Chinese Academy of
Medical Sciences Institutional Review Board. All patients
signed a written informed consent form. To decrease the
bias from other clinical factors, we selected another 43
patients with PRROC who were treated based on the
physician’s discretion within the same time period and
had similar clinical characteristics such as age, tumor
stage, histology, grade, number of prior chemotherapy
regimens (PCR) and cycles, treatment-free interval (TFI),
and residual disease (if patients underwent secondary
cytoreductive surgery) to the patients in ATP-TCA
group as controls. TFI was calculated as the time interval
from the last chemotherapy to recurrence before study
enrollment. The TFI of the patients who progressed
during the last chemotherapy was considered as 0.

ATP-TCA method

Tissue/cells for ATP-TCA were obtained either during
the operation or from malignant effusions. Within
30 minutes, the samples were sent to the Biological
Testing Center of our hospital where the ATP-TCA was
conducted. The rest of the tumor tissue or abdominal/
pleural effusion samples were collected for routine
pathological and cytological examinations.

Detection reagents, instruments, and methods

The detection kit was purchased from Jin Zijing
Biomedical Technology Co., Ltd (Beijing, China). The
fluorescence scanner was purchased from Hamamatsu
Photonics Co., Ltd (Beijing, China). The experimental
procedure was conducted in strict accordance with the
manufacturer’s instructions. All tests were completed
at the Biological Testing Center of our hospital. Briefly,
cells were dissociated from solid tumor samples via
enzymatic digestion overnight and purified via density
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centrifugation. Density centrifugation was also used to
obtain cells from ascites/pleural effusion aspirate. The
cells were resuspended in a complete assay medium and
were then plated at 20000 cells/well in polypropylene
96-well plates. In general, sufficient ovarian cancer cells
were available for testing 14 different drugs or drug
combinations at 6 concentrations. Triplicate wells were
set up for each drug dose, ranging from 6.25% to 200% of
peak plasma concentrations (PPC) for each drug or drug
combination. At the end of a 5-day incubation period,
the ATP content of the cells was measured using the
luciferin-luciferase assay. Results were deemed evaluable
if the following criteria were fulfilled:

(1) Histological and/or cytological diagnosis of ovarian
carcinoma on the assay specimen with > 20% malignant
cells; (2) No inhibition medium. Only control value
> 20 nmol/L ATP and maximum inhibitor control <
1% of medium; (3) Concentration responsiveness to
agents previously shown to exhibit such responsiveness
in the assay; and (4) Absence of fungal or bacterial
contamination.

Evaluation criteria for the ATP-TCA results

The results of the ATP-TCA were evaluated using
the sensitivity index (SI) method. SI was calculated
according to the following formula: SI = 600 — X(tumor
growth inhibition rates at 6 drug concentrations). The 6
concentrations utilized in the present study were 200%,
100%, 50%, 25%, 12.5%, and 6.25% of PPC of the drug.
As published previously ®, an SI value of < 150 and 150—
250 is defined as being highly sensitive and sensitive to
the drug, respectively, whereas an SI value of > 250 is

defined as being resistant.

Chemotherapy regimens

The chemotherapy drugs and drug combinations used
for ATP-TCA testing were as follows: PTX, pegylated
liposomal doxorubicin (PLD), topotecan, GEM, PTX
+ PLD, PLD + oxaliplatin (L-OHP), PTX + nedaplatin
(NDP), GEM + NDP, GEM + epirubicin (E-ADM), PTX
+ ifosfamide (IFO), IFO + E-ADM, etoposide (VP-16)
+ L-OHP, IFO + VP-16, irinotecan + NDP, and PTX +
topotecan + cisplatin. Based on the results of ATP-TCA,
the patients in the experimental group were given a
chemotherapy regimen with the lowest SI. In the event
of two regimens producing similarly strong in vitro
sensitivity, the physician was requested to select the least
toxic alternative. If the best regimen was contraindicated
for any reason, the next best regimen was selected at
the physician’s discretion. For patients in the control
group, the chemotherapy regimens were determined by
the physician mainly based on the patients’ treatment
history, side effects, and clinical status, among other
factors. The chemotherapeutic dose in both groups was
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calculated using a similar method. None of the patients

received targeted therapy at this time of recurrence.

Response evaluation

Patients were prospectively monitored for PFS. Serum
cancer antigen 125 (CA125) was routinely assessed within
1 week before the start of each cycle of chemotherapy.
Computed tomography scanning or magnetic resonance
imaging was performed every 2 cycles or when disease
progression was suspected based on physical examination
or patient symptoms. Patients were regarded as evaluable
if a minimum of 2 cycles of chemotherapy were
administered. The efficacy was evaluated according to
the Response Evaluation Criteria in Solid Tumors !* for
patients with radiologic relapse and the Rustin criteria ['*!
for patients with CA125 elevation only. All chemotherapy
regimens were continued for 4-6 cycles in responders
and in patients with stable disease. After completion of
chemotherapy, all patients were followed up routinely
every 3 months through physical examination, serum
CA125 evaluation, and imaging examination. The date of
the last follow-up was June 24, 2014. PFS was calculated
from the start of chemotherapy to progression or lost to

follow-up.

Statistical analysis

The SPSS 19.0 software was used to perform statistical
analyses. PFS was calculated using the Kaplan-Meier
method, and the difference between the experimental
group and control groups was analyzed using the log-rank
test. Multivariate analysis was conducted using the Cox
proportional hazards model. The Fisher exact probability
or x? test was used to analyze frequency data. P < 0.05 was

considered statistically significant.

Results

A total of 86 patients with PRROC were retrospectively
analyzed in the present study. Forty-three patients were
in the ATP-TCA group, and the other 43 were in the
control group. Patients in the control group were selected
from the same time period and had the same clinical
characteristics as those in the ATP-TCA group. The
median age at diagnosis was 53 years. Table 1 shows the
clinical and pathological characteristics of all the patients.
The specimens utilized in the ATP-TCA test included
tumors tissues (30/43, 69.8%) and ascites/pleural effusion
aspirate (13/43, 30.2%).

Chemotherapy regimens

The 5 most frequently used regimens in the ATP-TCA
group were PTX (paclitaxel) + PLD/E-ADM (n=12), PTX
+ NDP (nedaplatin) (n = 10), PLD + L-OHP (n = 5), PTX
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Table 3 PFS comparison in subgroup analysis

Table 1 The clinicopathologic characteristics of all the patients (n)
ATP-TCA Control

Number of cases 43 43
Median age at diagnosis (years) 55 (26-75) 52 (30-72)
Grade

2and 3 42 38

NA 1 5
Histological type

Serous adenocarcinoma 32 25

Adenocarcinoma 9 16

Clear cell carcinoma 1 1

Transitional cell carcinoma 1 1
Median TFI (months) 3 3
Median No. of prior CT regimens 2 (1-6) 2 (1-6)
Median No. of prior CT cycles 13 (4-32) 15 (4-38)
Secondary cytoreductive surgery

No surgery/residual disease > 1 cm 22 15

Residual disease < 1 cm 14 14

Note: CT, chemotherapy; NA, not available; PFS, progression free
survival; TFI, treatment free interval

+ topotecan + DDP (cisplatin) (n = 5), and GEM + NDP/
DDP (n = 5). Similarly, the 5 most frequently employed
chemotherapy regimens in the control group were PTX
+ NDP (n=10), PTX + PLD (n=5), PLD + L-OHP/NDP
(n=15), IFO + E-ADM (n = 4), and GEM + NDP/DDP (n
= 3). Other chemotherapy regimens included the single
agent PLD, topotecan, and oral vpl6. Table 2 shows the
regimens and doses used in the present study. All patients
received at least two cycles of chemotherapy after

enrollment.

Survival outcomes

After a median follow-up of 13 months (range, 3-46
months), 84 patients experienced relapse or tumor
progression, while the other two patients had not yet
shown signs of progression until the last follow-up. The
overall median PFS was 4 months. The PFS for the ATP-

Table 2 Mainly used regimens of chemotherapy

ATP-TCA  Control

PFS (month)  (month) Pvalue
Treatment free interval

= 3 months 7(n=25) 4(n=25 0.010

< 3 months 3(n=18) 2(n=18) 0.353
No. of prior chemotherapy regimen

1-2 6(n=28) 4(n=28 0.025

23 3(n=15) 2(n=15) 0517
Secondary cytoreductive surgery

No surgery/residual disease > 1 cm 4 (n=28) 3(n=27) 0.025

Residual disease < 1 cm 7(n=15) 6(n=16) 0.521

TCA group and the control group was 5 and 3 months,
respectively (P= 0.027). Forty-six patients died of disease,
and 40 patients were still alive.

Univariate analysis showed that the prognostic factors
for PFS included age (P = 0.041), TFI (P = 0.012), the
number of PCR (P=0.015), treatment (according to ATP-
TCA or physician’s choice) (P=0.027), and residual disease
(patients who did not receive secondary cytoreduction
were classified as suboptimal cytoreduction) (P = 0.001).
The number of cycles of PCR had no impact on PFS (P=
0.466). The independent prognostic factors for PFS under
multivariate analysis were residual disease [P = 0.006;
hazard ratio (HR): 2.024, 95% confidence interval (CI):
1.219-3.362] and treatment (P = 0.040; HR: 0.623; 95%
CI: 0.313-0.973).

Subgroup analysis of PFS

Table 3 summarizes the results of subgroup analysis.
The median PFS of patients in the ATP-TCA group and
control group who had a TFI of > 3 months (n=50) was 7
and 4 months, respectively (P=0.010) (Fig. 1). Meanwhile,
the median PFS for patients in the ATP-TCA group and
the control group who had a TFI of < 3 months was 3 and
2 months, respectively (P = 0.353).

The median PFS of patients in the ATP-TCA group

Regimen Dosage
Doxil 40 mg/m? d1, IV, gdwk

Topotecan 1-1.5mg/m?d1, 2, 3, 4, 5, IV, 3wk

Paclitaxel 80 mg/m? d1, 8,15, IV, q3wk

Epirubicin + paclitaxel
Doxil + paclitaxel
Paclitaxel + nedaplatin
Cisplatin + gemcitabine
Nedaplatin + gemcitabine
Doxil + L-OHP

Doxil + nedaplatin

Paclitaxel + topotecan + cisplatin
[fosfamide + epirubicin

Epirubicin 25 mg/m?, d1, 2, IV + paclitaxel 175 mg/m? d1, IV, g3wk
Doxil 25 mg/m? IVI, d1, IV + paclitaxel 175 mg/im? d1, IV, q3wk
paclitaxel 175 mg/m2 d1, IV + nedaplatin 80 mg/m? d1, IV, 3wk
Cisplatin 75 mg/m? d1, IV + gemcitabine 1000 mg/m? d1, 8, IV, q3wk
Nedaplatin 80 mg/m? d1, IV + gemcitabine 1000 mg/m? d1, 8, IV, g3wk
Doxil 25 mg/m? IV, d1 + L-OHP 135 mg/m? d1, IV, g3wk

Doxil 25 mg/m? 1V, d1 + nedaplatin 80 mg/m? d1, IV, 3wk

paclitaxel 100 mg/m? d1, IV + topotecan 1 mg/m? d1-4, IV + cisplatin 25 mg/m?, d1, 2, IV, 3wk

Ifosfamide 1.5 g/m2 d1-3, IV + epirubicin 25 mg/m?, d1, 2, IV, q3wk
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Fig. 2 Comparison of PFS in the subgroup of patients treated with < 2
prior chemotherapy regimens (P = 0.025)

and control group who received < 2 cycles of PCR (n=52)
was 6 and 4 months, respectively (P = 0.025) (Fig. 2). The
median PFS for patients in the ATP-TCA group and the
control group who received > 3 PCR was 3 and 2 months,
respectively (P=0.517).

Among the patients who did not undergo secondary
cytoreduction and who experienced suboptimal
cytoreduction (n=>55), those in ATP-TCA and the control
groups had a median PFS of 4 and 3 months, respectively
(P=0.025). The patients in the ATP-TCA group and the
control group who achieved optimal cytoreduction had a
median PFS of 7 and 6 months, respectively (P=0.521).

Discussion

At present, predicting the effective chemotherapeutic
regimen for patients based only on the pathological types,
grade, history of prior chemotherapy, and other clinical
characteristics is difficult. On the other hand, at the
molecular level, reliable markers capable of predicting
the efficacy of various cytotoxic drugs are still lacking.
Thus, any method for testing chemosensitivity is welcome
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in the treatment of ROC. Rutherford et al reported an
improved PFS and OS for patients with ROC treated with
chemoresponse assay-sensitive agents [1°.

Treatment options for PRROC include multiple
cytotoxic agents, such as weekly paclitaxel, GEM, PLD
and topotecan, that have different mechanisms of action.
ATP-TCA is useful in guiding the selection of optimal
chemotherapy regimen. Consistent with a previous study
(13, the present study demonstrated that the overall PFS
was prolonged in patients with PRROC who received
ATP-TCA-directed chemotherapy compared with
patients treated based on the physician’s choice.

Cree et al conducted a prospective, randomized study
to determine the response rate and PFS in patients
with PRROC who received chemotherapy based on
the physician’s choice in comparison with ATP-TCA-
guided chemotherapy !'”.. The results show that the PFS
in the ATP-TCA group was slightly but not statistically
significantly longer than that in the physician’s choice
group (104 days vs 93 days, P < 0.14). As the number of
PCR and cyclesincreases and the TFI shortens, subsequent
chemotherapy would be less effective. For patients with
ROC who received > 4 PCR, other cytotoxic drugs are
barely active. Any chemosensitivity assay — molecular
or cellular — is only as good as the effective drugs that
are available. This means that ATP-TCA and other drug-
sensitivity testing can theoretically provide no benefit for
patients who are resistant to all the cytotoxic agents. Cree
et al failed to show the statistically significant difference
of PFS between the groups possibly because they did not
perform a subgroup analysis to exclude the patients with
multi-drug resistance.

The subgroup analysis of the present study
confirmed that patients who previously received at
least 3 chemotherapy regimens (PFS: 3 vs. 2 months, P
= 0.517) and those with TFI less than 3 months (PFS: 3
vs. 2 months, P=0.353) did not benefit from ATP-TCA.
The results of ATP-TCA in the above patient subgroup
patients showed that no or few regimens were highly
sensitive or sensitive. On the other hand, in patients who
had a TFI of > 3 months and previously received only < 2
chemotherapy regimens, ATP-TCA guided chemotherapy
prolonged the PFS by 2-3 months compared with the
control group. These results provided more indication in
selecting patients for ATP-TCA.

The significance of secondary cytoreductive surgery in
patients with platinum-resistant cancer was less explored
in previous literature. In the present study, among the 37
patients who underwent secondary cytoreduction, 75.7%
(28/37) achieved optimal cytoreduction (residual disease
< 1 cm). Moreover, multivariate analysis showed that
residual disease was an independent prognostic factor in
PRROC. Patients with residual disease < 1 cm had better
treatment outcome than the others. Among the patients
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who achieved optimal cytoreduction, those in the ATP-
TCA group had a slightly longer PFS than those in the
control group, but the difference was not statistically
significant (7 vs. 6 months, respectively). Meanwhile,
the PFS of the patients who did not undergo secondary
cytoreductive surgery or who failed to achieve optimal
cytoreduction was statistically different between the
ATP-TCA group and the control group. However, the
PFS was only extended by one month (4 vs. 3 months).
The role of ATP-TCA in this patient population needs
further evaluation.

In the present study, most patients underwent
combination chemotherapy because a single agent was less
sensitive (higher SI score) than the combination regimens
in ATP-TCA. The ratio of patients receiving combination
chemotherapy was comparable between the experimental
group and the control group. Drug safety between the
two groups were not compared in our study because the
same doses of chemotherapy were administered in both
the experimental and control groups. None of the patients

in the present study died due to adverse events.

Conclusions

The ATP-TCA resulted in favorable PFS when used asa
predictive assay to individualize chemotherapy regimens
in patients with PRROC, particularly in patients who
had a TFI of > 3 months and received < 2 PCR. These
findings are worth further confirmation via prospective
randomized trials.
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Objective The aim of this study was to investigate the clinical efficacy of neoadjuvant chemotherapy
(NACT) and the prognostic factors for advanced epithelial ovarian cancer (EOC).

Methods We enrolled 241 patients with stage Ill and IV EOC who were diagnosed at the Yunnan
Cancer Hospital between October 2006 and December 2015. The observation (NACT-IDS) group (n =
119) received 1-3 courses of platinum-based NACT, followed by interval debulking surgery (IDS) and 6-8
courses of postoperative chemotherapy. The control group underwent primary debulking surgery (PDS) (n
=122) followed by 6-8 courses of postoperative chemotherapy. We analyzed the general conditions of the
operations and the survival of both groups.

Results Operating time, intraoperative blood loss and postoperative hospitalization were significantly
lower in the NACT-IDS group (P < 0.05). The rate of optimal cytoreductive surgery was significantly higher
in the NACT-IDS group (P < 0.05). A visible residual lesion was observed in 49 (41.18%) and 48 (40%)
cases in the NACT-IDS and PDS groups, respectively, which were not significantly different (P > 0.05).
The percentage of International Federation of Gynecology and Obstetrics (FIGO) stage IV tumors and
the recurrence rates were significantly higher in the NACT-IDS group (P < 0.05). The mortality rates
were 45.19% (47/104) and 35.19% (38/108) in the NACT-IDS and PDS groups, respectively (P > 0.05).
Progression-free survival was 23.75 + 9.98 and 23.57 + 12.25 months in the NACT-IDS and PDS groups,
respectively (P > 0.05). Overall survival (OS) was 31.11 + 15.66 and 29.63 + 18.00 months in the NACT-
IDS and PDS groups, respectively (P > 0.05). Optimal cytoreductive surgery with or without residual lesion
was an independent influencing factor for advanced EOC in multivariate analysis. OS of patients treated
with =8 courses of chemotherapy was significantly longer than those treated with < 8 courses.
Conclusion NACT could improve the intra- and postoperative conditions in advanced EOC patients.
Although the percentage of FIGO stage IV cancer was significantly higher in the NACT-IDS group, the
prognosis was similar in both the NACT-IDS and PDS groups, suggesting that NACT improves the clinical
outcome of advanced EOC. Optimal cytoreductive surgery with no residual lesion is a long-term protective
factor in advanced EOC. At least 8 courses of chemotherapy overall or = 6 courses postoperatively
improves the OS.

Keywords neoadjuvant chemotherapy (NACT); advanced epithelial ovarian cancer (EOC); cytoreduction
surgery; prognostic factors

Ovarian cancer is one of the three most common
gynecological malignancies and has a high mortality rate.
Recently, the incidence of ovarian cancer has increased
annually M. In 2014, Siegel et al ™ reported that 70% of
ovarian cancer patients were diagnosed at an advanced
stage, with a 5-year overall survival (OS) rate of 44% for
all patients and 27% for patients with advanced disease
(stage IIIC and IV) with 27%. The treatment of ovarian
cancer comprises of primary debulking surgery (PDS),

combined with chemotherapy and other comprehensive
treatments. The size of the residual lesion is the main factor
affecting prognosis . Optimal cytoreductive surgery
should, therefore, be performed to improve the quality
of life and survival of patients. Patients with advanced
epithelial ovarian cancer (EOC) usually have extensive
intraperitoneal or distant metastases. Some patients have
large pelvic masses that adhere tightly to other organs and
tissues, and only 30-40% of these patients can be treated
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with optimal cytoreductive surgery P. Neoadjuvant
chemotherapy (NACT) is proposed in advanced EOC to
reduce tumor burden, which may ensure the feasibility
of optimal cytoreductive surgery in these patients. This
strategy has attracted a lot of attention from clinicians.
However, whether NACT improves the quality of life
and prolongs progression-free survival (PFS) and OS in
advanced EOC is still controversial.

We analyzed the clinical importance of NACT in 241
patients with advanced EOC who were diagnosed and
treated at the Yunnan Cancer Hospital from October
2006 to December 2015. We have also determined the
possible prognostic factors and hope that our study can
be used as a reference for the diagnosis and treatment of
EOC patients.

Materials and methods

Patients

We enrolled 241 patients who were diagnosed with
advanced EOC (178 stage III and 63 stage IV) between
October 2006 and December 2015 at the Yunnan Cancer
Hospital. Patients were divided into two groups according
to treatment modality: 119 underwent NACT-interval
debulking surgery (IDS), and 122 underwent PDS. The
observation (NACT-IDS) group (22 = 119) received 1-3
courses of platinum-based NACT, followed by IDS and
6-8 courses of postoperative chemotherapy. The control
(PDS) group underwent PDS (2 = 122) followed by 6-8
courses of postoperative chemotherap.y. All patients
received platinum-based chemotherapy: TC (paclitaxel:
175 mg/m? intravenous injection; carboplatin: AUC
5-6, intravenous injection, once every 3 weeks);
or TP (paclitaxel: 175 mg/m? intravenous injection;
cisplatin: 75 mg/m? intravenous injection, once every
3 weeks). We analyzed age, body mass index (BMI),
clinical manifestations, surgical pathological stage,
histopathological type, days of hospitalization, days in
intensive care, operating time, intraoperative blood loss
and transfusion, presence of residual lesions, percentage of
patients undergoing cytoreductive surgery, postoperative
complications, and effect of NACT on operation, PFS, and
0s.

Data analysis

Statistical analysis was performed using the Stata
version 12.0 software. Data were analyzed using ¢ test or
x* test, and P< 0.05 was defined as statistically significant.
Survival analysis was performed using the log-rank
test and Kaplan-Meier test. Multivariate analysis was
performed using the Cox model.

http://otm.tjh.com.cn

Results

General situation

The general conditions of patients including age,
BMI, clinical manifestations, histopathological type and
pathological differentiation, were comparable among
patients in the NACT-IDS and PDS groups (P > 0.05;
Table 1). However, surgical pathological stages differed
significantly between the two groups (P < 0.05).

Surgical condition

The average operating time, intraoperative blood loss,
and days of hospitalization were significantly lower in
the NACT-IDS group compared to the PDS group (P <
0.05; Table 2). There were no significant differences in
the intraoperative blood transfusion rates, postoperative
days in intensive care and postoperative complications
between the groups (P > 0.05). A higher percentage of
patients in the NACT-IDS group underwent optimal
cytoreductive surgery compared to the PDS group
(69.75% vs 59.30%, P < 0.05). The percentage of patients
with a visible residual lesion was comparable in both
groups (NACT-IDS: 41.18%; PDS: 40.0%).

Survival analysis

The duration of follow-up ranged from 15 to 125
months. The recurrence rate was 58.04% (65/112) in
the NACT-IDS group and 36.28% (41/113) in the PDS
group (P < 0.05). The morbidity was 45.19% (47/104) in
the NACT-IDS group and 35.19% (38/108) in the PDS
group (P< 0.05). The median PFS and OS for the NACT-
IDS group were 23.75 + 9.98 and 31.11 + 15.66 months,
respectively, compared with 23.57 + 12.25 and 29.63 +
18.0 months, respectively, for the PDS group. However,
these differences were not significant (P> 0.05; Fig. 1 and
2, Table 3).

Prognostic factors

Univariate analysis showed that age, BMI, comorbidity,
pathological grade, residual lesion size, and ascites were
not significantly associated with PFS (P > 0.05). On the
other hand, histopathological type, visible residual lesion,
total number of cycles of chemotherapy, and number of
cycles of postoperative chemotherapy were significantly
associated with PFS (P < 0.05). Patients with no visible
residual lesion, > 8 cycles of chemotherapy or > 6 cycles
of postoperative chemotherapy had improved PFS.
Histopathological type demonstrated a hazard ratio (HR)
of 3.999 [95% confidence interval (CI) 1.7813-8.9818]
for mucinous carcinoma, 1.1020 (95% CI 0.6820-1.7806)
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Table 1 Comparison of the two groups in general
Characteristic NAC;;'|=D1S1 g)r oup P(I?)Sz %rzozu)p thy? P
Age (years) 52.36 + 8.58 52.00 + 8.69 -0.3174 0.7512
BMI 22.27 £3.46 2213 +£2.77 2.9297 0.270
Clinical manifestations 8.4555 0.076
Abdominal distension and abdominal pain 97 94
Physical examination 6 10
Irregular vaginal bleeding 1 8
Consciously abdominal mass 11 9
Other (chest tightness, fatigue, weight loss, frequent urination, urgency, etc.) 4 1
Surgical pathology 21.7144 0.000
1l 72 (0.50%) 106 (86.88%)
I\ 47 (39.49%) 16 (13.11%)
Histopathological type 21.8478 0.000
Serous carcinoma 64 81
Mucinous carcinoma 0 10
Endometriosis 54 34
Transparent cell carcinoma 0 5
Hybrid 0 2
Histopathological grade 0.3187 0.853
Well differentiated 2 3
Differentiation 15 16
Poorly differentiated 76 72
Unknown 26 31
Table 2 Comparison of the two groups of patients
Characteristic NACT-IDS group PDS group ty? P
Number of days of hospitalization (days) 19.59 + 5.46 2216+ 7.11 3.1373 0.0019
Intensive care time (days) 0.09 +£0.52 0.26 £0.95 1.7128 0.088
Surgery time (min) 201.75+61.41 23526 + 81.72 3.5458 0.0005
Intraoperative blood loss (mL) 496.66 £ 414.50 637.43 + 648.03 1.9889 0.0479
Intraoperative blood transfusion -1.6588 0.0985
Yes 25 (21.19%) 37 (30.58%)
No 93 (78.81%) 84 (69.42%)
Visible lesion 0.0343 0.853
No visible remnants of the naked eye 49 (41.18%) 48 (40%)
See the remnants of the naked eye 70 (58.82%) 72 (60%)
Ideal tumor cell subtraction (example) 4.6158 0.032
Ideal tumor cell subtraction 83 (69.75%) 67 (56.30%)
Not ideal for tumor cell ablation 36 (30.25%) 52 (43.70%)
Postoperative complications (example) 2.1566 0.142

No
Yes

107 (51.46%)
12 (37.5%)

101 (83.47%)
20 (16.53%)
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Table 3 Comparison of survival results between the two groups
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Characteristic NACT-IDS group PDS group tx? P
Relapse 10.6818 0.001
Yes 65 (58.04%) 41 (36.28%)
No 47 (41.06%) 72 (63.72%)
Death 2.2090 0.137
Yes 47 (45.19%) 38 (35.19%)
No 57 (54.81%) 70 (64.81%)
PFS (months) 23.75+9.98 2357 +12.25 -0.1232 0.902
0S (months) 31.11£15.66 29.63 +18.00 -0.6335 0.5271
Median surviva (months) 45 50 0.7400 0.3904
Table 4 Single factor analysis of PFS
Fator n OR 95% Cl tx? P
Age (years) 2.16 0.5392
BMI 0.65 0.4198
Complications 3.93 0.2687
Pathology type 24.93 0.0001
Serous carcinoma 135
Mucinous carcinoma 10 3.9999 1.7813-8.9818
Endometriosis 88 1.1020 0.6820-1.7806
Transparent cell carcinoma 16.1711 6.0525-43.2060
Hybrid 2.0395 0.2792-14.8944
Pathology differentiation 2.87 0.0902
Visually visible lesions 5.00 0.0253
Yes 142
No 97 0.5977 0.3765-0.9488
Residual lesion size 3.75 0.0529
<1 150 0.6432 0.4139-0.9995
>1 88
Postoperative chemothera
(Total%hemotherapy cycle%mber = 8 months) 16.70 0.0000
Carry out 104 0.3864 0.2394-0.6236
Undone 129
Postoperative chemotherapy cycles 410 0.0302
>6 150 0.6173 0.4007-0.9510
<6 91
Ascites cytology 0.41 0.5191
Positive 106
Negative 93

for endometrial carcinoma, and 16.1711 (95% CI 6.0525—
43.2060) for clear cell carcinoma when compared with
serous carcinoma, which suggested worse prognosis
(Table 4; P<0.05).

Patients with no visible residual lesion or postoperative
residual lesions <1 cm, > 8 cycles of chemotherapy and >
6 cycles of postoperative chemotherapy had improved OS

(P<0.05). Histopathological type showed an HR of 3.2483
(95% CI 1.4287-7.3854) for mucinous carcinoma, 1.1540
(95% CI 0.7113-1.8721) for endometrial carcinoma, and
18.1405 (95% CI 6.5994-49.8648 for clear cell carcinoma
when compared with serous carcinoma, which suggested
worse prognosis (Table 5, Fig. 3-6).

Significant factors from the univariate analyses were
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Table 5 Univariate analysis of OS

Fator n OR 95% ClI tlx? P
Age (years) 0.74 0.3885
BMI 1.21 0.2722
Complications 2.75 0.0973
Pathology type 24.05 0.0001
Complications 135
Pathology type 10 3.2483 1.4287-7.3821
Complications 88 1.1540 0.7113-1.8721
Pathology type 5 18.1405 6.5994-49.8648
Complications 2 3.3455 0.4533-24.6892
Visually visible lesions 8.09 0.0044
Yes 142
No 97 0.5057 0.3109-0.8225
Residual lesion size 548 0.0192
<1 150 0.5805 0.3707-0.9090
> 1 88

Postoperative chemotherapy

(Total chemotherapy cycle number = 18 months) 2258 0.0000
Carry out 104 0.3864 0.2394-0.6236
Undone 129

Postoperative chemotherapy cycles 9.90 0.0017
>6 150 0.6173 0.4007-0.9510
<6 91

Ascites cytology 1.43 0.2312
Positive 106
Negative 93

Table 6 Multi-factor analysis of OS

Fator OR Stand error 95% ClI P

Age 0.9638 0.1700 0.6821-1.3618 0.834

BMI 1.4413 0.3197 0.9332-2.2262 0.099

Pathology type 1.0154 0.1567 0.7505-1.3740 0.921

Pathology grade 0.7660 0.3196 0.3381-1.7354 0.523

Visually visible lesions 0.3457 0.1564 0.1424-0.8391 0.019

Residual lesion size 0.5572 0.2132 0.2633-1.1795 0.126

Complete postoperative chemothera

(Totarl)cherzotheFr)apy cycle number Zpg months) 02551 01004 01180-0.519 0001

Postoperative chemotherapy cycles 0.8929 0.3322 0.4307-1.8514 0.761

Surgical pathology 0.7819 0.2957 0.3726-1.6406 0.515

selected for multivariate analysis. Presence of visible number of cycles of postoperative chemotherapy was
residual lesion and the number of postoperative cycles the only independent factor for PFS in patients with
of chemotherapy were independent factors for OS in  advanced EOC (P < 0.05; Table 7).

patients with advanced EOC (P < 0.05; Table 6). The
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Table 7 Multivariate analysis of OS
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Fator OR Stand error 95% ClI P
Age 0.9849 0.1722 0.6991-1.3875 0.931
BMI 1.3227 0.2845 0.8677-2.0164 0.194
Pathology type 0.9361 0.1411 0.6966-1.2580 0.661
Pathology grade 0.5812 0.2386 0.2600-1.2994 0.186
Visually visible lesions 0.6837 0.2765 0.3094-1.5105 0.347
Residual lesion size 0.6301 0.2371 0.3014-1.3174 0.220
Complete postoperative chemotherapy .
(Total chemotherapy cycle number = 8 months) 0.3478 01257 0.1712-0.7064 0.003
Postoperative chemotherapy cycles 1.0877 0.3774 0.5510-2.1473 0.809
Surgical pathology 0.8214 0.2932 0.4080-1.6536 0.582
1.00 1.007
PDS — Visible Residue
0754 0 I, mmeeee-- NACT-IDS _ 0.751 -— No Visible Residue
>
E @ (.50
2 0507 g
= S e 5
5 = 0251
& 0.25 1 L
0.00 1
0.00 0 20 40 60 80 100
0 20 40 60 80 100 OS (month)
OS (month) Fig. 3 visible residual lesion.
Fig.1  OS of the two groups. 1.007
— Residue size =1 cm
1.004 PDS ~ 0.75- -—Residue size <1 ¢cm
-------- NACT-IDS e
0.751 a 0.504
E E
s " 5
70507 T 0251
fEozs- 0.001, . ; : . .
’ 0 20 40 6 80 100
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0.00, : : : : : Fig. 4 residual lesion size.
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PFS (month) 1.001
. — Not finish Chemotherapy
Fig.2 PFS of the two groups. 0754 ~ Finish Chemotherapy
E
g
Z 0.50-
; : 5
Discussion 5
0.25
Ovarian cancer is one of the three most common
gynecological malignancies and its incidence has been 0.00

increasing in the recent years. Epithelial carcinoma is
the most common pathological type of ovarian cancer
¢, and about 70% of patients are diagnosed with stage
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Fig. 5 postoperative chemotherapy.
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IIT or IV cancer. At present, the principal treatment for
ovarian cancer is still cytoreductive surgery, combined
with chemotherapy and other comprehensive treatments
. Although treatment strategies for EOC have
improved, only 45% of the patients can undergo optimal
cytoreductive surgery ®. NACT is recognized by an
increasing number of clinicians, but the 5-year survival
rate for advanced ovarian cancer patients following
NACT is only 30%-55% ©. A clinical study has shown
that compared to PDS, NACT-IDS ensures more patients
can be treated using optimal cytoreductive surgery, with
an improved quality of life. Whether NACT-IDS can
improve prognosis needs further investigation ['%.
National Comprehensive Cancer Network (NCCN)
guidelines recommend the removal of all visible lesions,
and an EORTC-NCIC study showed that an absence of
visible lesions is the most important factor for better
prognosis of advanced EOC . NACT is an alternative
option for patients with advanced EOC, especially those
who cannot be treated with optimal cytoreductive surgery
121 The results of this study show that the ideal tumor
reduction rate in the NACT-IDS group was 69.75%,
which was higher than that in the PDS group (56.30%),
and NACT significantly improved the surgical outcomes
in advanced ovarian epithelial carcinoma. In our study,
41.18% and 40.0% of patients in the NACT-IDS and PDS
groups, respectively had no visible residual lesions, which
was not a significant difference. It has been shown that
NACT effectively reduces the tumor burden and induces
tumor shrinkage *¢, which leads to better conditions
for optimal cytoreduction surgery !'”. In recent years, an
increasing number of researchers have defined optimal
cytoreductive surgery as the absence of visible residual
lesions. A study by Cochrane confirmed that the HR
was lower in patients with no visible residual lesions,
thereby suggesting that removal of all visible lesions may
prolong patient survival 822, Moreover, in our study,
NACT shortened hospitalization and operating times and
reduced the intraoperative blood loss. Several studies
have confirmed the feasibility and efficacy of NACT-IDS
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regimens in advanced EOC patients, which have been
recognized by most experts 13!,

As NACT can improve surgery, we speculated
whether it could also improve the prognosis of advanced
EOC. EORTC55971 4 is an international, multicenter,
randomized controlled phase III clinical trial involving 59
countries with a total of 670 patients. The results showed
that postoperative complications (such as infection,
bleeding, and venous thromboembolism) in the NACT-
IDS group were significantly fewer than in the PDS group,
yet there was no significant difference in OS and PFS.
Even when the size of the residual lesion and patient’s
age were considered, the results remained unchanged.
In the follow-up study by Fago-Olsen ), there was no
difference in the median survival time between these
two groups. The median survival time of patients with
no visible lesions in the PDS group was longer, and the
2-year mortality HR increased in the NACT-IDS group
when compared with the PDS group.

Kehoe et al performed a non-inferiority, multicenter,
phase III randomized controlled trial of NACT in patients
with advanced EOC. Although NACT increased the
chances of a successful optimal cytoreductive surgery and
reduced surgical complications and mortality, it did not
improve prognosis. Although several clinical trials have
demonstrated that NACT has no significant beneficial
effect on OS and PFS when compared with PDS 12631,
some studies have reported a different effect. A study
conducted in Yale University School of Medicine showed
that patients with extraperitoneal metastases who
received NACT had an OS and PFS of 31 and 15 months,
respectively, which were significantly higher than those
in patients treated with traditional strategies (32,

A meta-analysis of 21 retrospective clinical studies
showed that NACT did not prolong the median survival
time when compared with PDS, although the optimal
cytoreductive surgery rate increased (3. The results
seemed to be contradictory to some extent because
there may have been some bias in the retrospective
studies. Patients treated with NACT had severe late
International Federation of Gynecology and Obstetrics
(FIGO) stage cancer, large tumor volume and extensive
disease. Consistent with previous studies, we also found
that PFS did not differ significantly between the NACT-
IDS and PDS groups. However, the percentage of patients
with FIGO stage IV cancer in the NACT-IDS group was
significantly higher than that in the PDS group (39.49%
vs. 13.11%), which could account for the similar PFS and
OS. This finding suggests that the NACT-IDS regimen
may improve the prognosis of advanced EOC.

In our study, the recurrence rates were 58.04% and
36.28% in the NACT-IDS and PDS groups, respectively.
Four factors may have contributed to these results: (1)
retrospective clinical studies can be selectively biased;
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(2) postoperative residual lesion size measurement can be
biased; (3) chemotherapy-resistant patients benefit little
from NACT and may have a poor prognosis because they
are unable to undergo optimal cytoreductive surgery; (4)
presence of cell fibrosis after NACT. It has been reported
that tumor stem cells, leading to tumor recurrence, may
still be present in fibrotic tissue after NACT 3+3!. More
studies are urgently needed to explore the underlying
mechanisms.

The effect of age on the prognosis of advanced EOC
differs among studies. While some studies demonstrated
no association between age and prognosis %7, a Danish
study of ovarian cancer suggested that age is an important
factor for OS *8. In our study, the onset age of patients was
not significantly associated with PFS and OS. Compared
with the 51-61-years group (high incidence group in our
study), the prognosis in patients aged 29-39 and 62-73
years was poor. As an increasing number of younger
women have EOC, comprehensive treatment strategies
with individualized considerations will be beneficial.

Most researchers believe that EOC with different
pathological characteristics may lead to different
prognosis. Bamias et al® found that serous carcinoma (367
cases, 47.7 months), mucinous carcinoma (24 cases, 15.4
months), and clear cell carcinoma (29 cases, 36.6 months)
were significantly different. Two other similar studies
found that a serous type pathology was a detrimental
prognostic factor 4!, The results of our study show that
mucinous carcinoma and clear cell carcinoma predict
worse prognosis in univariate analysis. Although there
was no significant difference in OS, mucinous carcinoma
and clear cell carcinoma showed a higher malignant
potential. A large number of studies have shown that the
prognosis of early mucinous carcinoma is better than that
of the serous type. However, our results differed because
of the biological characteristics of the advanced mucinous
carcinoma—-extensive lesions were found in the bowel and
peritoneum—which suggest difficulty in surgical removal
of the entire tumor, and a high risk of distant metastasis.

In our study, the histopathological grade was not
a prognostic factor for PFS and OS. It is believed that
a poorly differentiated tumor has a stronger invasive
ability that may lead to a poorer prognosis. We did
not confirm this in our study, but this may have been
because of the sample size. NCCN guidelines advocate
optimal cytoreductive surgery to remove all visible
lesions or reduce the residual lesions to <1 cm. It has been
shown that the postoperative residual lesion size is an
independent prognostic factor that adversely affects the
prognosis of EOC patients [>#3 and our findings conform
with these reports. Several studies have shown that
patients who undergo suboptimal cytoreductive surgery
have a shorter survival time. On the other hand, even
patients diagnosed with FIGO stage IV cancer can benefit
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from optimal cytoreductive surgery 4.
The principal treatment for EOC 1is optimal
cytoreductive surgery with adequate, standardized

chemotherapy. The current NCCN guidelines recommend
six courses of chemotherapy after surgery. Our findings
are consistent with several other studies that have shown
that delayed or interrupted postoperative chemotherapy
and < 6 cycles of chemotherapy lead to recurrence and
poor prognosis ). Timeous and adequate postoperative
chemotherapy were favorable prognostic factors for PFS
and OS in advanced EOC patients in both univariate and
multivariate analysis. Patients treated with > 6 cycles of
chemotherapy each before and after surgery had a better
prognosis.

In conclusion, in patients with EOC, NACT can help
in preparing them for cytoreductive surgery, as well as
improve their surgical outcomes. Even though the number
of patients with FIGO stage IV cancer was significantly
higher in the NACT-IDS group compared to that in the
PDS group, the two groups showed comparable PFS,
OS, and mortality, suggesting that NACT can improve
the prognosis of advanced EOC. Optimal cytoreductive
surgery with no visible residual lesions should be
advocated in clinical practice. Treatment with > 6 cycles
of postoperative chemotherapy or with > 8 cycles of
chemotherapy in total results in a better prognosis.
Advanced EOC patients should be evaluated based on
their general situation, histopathological types of tumor,
and considered for surgery by a gynecological oncologist
before treatment. Appropriate, adequate, individualized
chemotherapy regimens could improve the quality of life
and survival of these patients.
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Abstract

Objective The aim of the study was to investigate the effect of parathyroid hormone (PTH) on the
apoptosis of human medullary thyroid carcinoma (MTC) cells.

Methods In vitro cultured medullary thyroid carcinoma cell lines were treated with parathyroid hormone
and parathyroid hormone receptor-monoclonal antibody, and the apoptosis of cells was detected by flow
cytometry.

Results The cell morphology changed significantly after treatment based on the observation using the
inverted phase-contrast microscope. Various concentrations of parathyroid hormone and parathyroid
hormone receptor-monoclonal antibody effectively induced apoptosis in a time- and concentration-
dependent manner. When the concentration of parathyroid hormone was 2.0 ymol/L and that of parathyroid
hormone receptor-monoclonal antibody was 1.0 pmol/L, the apoptotic rate was 13.24% and 20.78%,
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respectively, representing a statistically significant difference from that of the control cells (P < 0.05).
Conclusion PTH plays a role in inducing apoptosis of human MTC cells.
Key words: parathyroid hormone (PTH); medullary thyroid carcinoma (MTC); cell apoptosis

Parathyroid hormone (PTH) is secreted by the
parathyroid, and along with calcitonin it regulates calcium
and phosphorus metabolism . PTH and its related
peptides have been reported to have a proliferative effect
on tumor cells 23 In this study, the human medullary
thyroid carcinoma (MTC) cell line TT was treated with
PTH and anti-PTH receptor antibody (anti-PTHR1),
respectively. The growth status of TT cells was observed
and the apoptosis rate was measured. These findings on
the effect of PTH and anti-PTHR1 on the apoptosis of
MTC cells will provide a new theoretical basis for the
treatment of MTC.

Materials and methods

Major reagents and equipments

The human MTC cell line TT was obtained from
the Shanghai Institute of the Chinese Academy of
Sciences (Shanghai, China), F12K medium was obtained
from Gibco (USA), and fetal bovine serum, trypsin,
ethylenediaminetetraacetic acid, dimethyl sulfoxide, and
PTH were purchased from Sigma (St. Louis, MO, USA).

Anti-PTHR1 was obtained from Abcam (Cambridge,
MA, USA), the flow cytometry kit was purchased from
BD (USA), and an Olympus (Tokyo, Japan) inverted
phase-contrast microscope was used. Other conventional
equipment and reagents were obtained from domestic
companies.

Cell culture and treatment

The human MTC TT cell line was cultured in F12K
medium at 37 °C (containing 15% fetal bovine serum,
500 U/mL penicillin, and 100 pg/mL streptomycin)
through routine digestion passages. After the logarithmic
growth phase of TT cells, three experimental groups were
established: (1) control group (without PTH and anti-
PTHRI1); (2) PTH intervention group; and (3) anti-PTHR1
intervention group. PTH was treated at the various
concentrations of 0, 0.5 umol/L, 1.0 pmol/L, 1.5 umol/L,
and 2.0 umol/L respectively, and anti-PTHR1 was treated
at concentrations of 0, 0.25 umol/L, 0.5 umol/L, 0.75
umol/L, and 1.0 pmol/L, respectively. After 48 h, the cells
were washed with phosphate-buffered saline (PBS), the
supernatant was discarded, and the cells were detected by
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flow cytometry.

After the cells were cultured for 24 h, the cells in each
concentration group were collected, washed with cold
PBS, centrifuged, and then the supernatant was discarded.
The cell suspension was treated with 1x annexin binding
buffer with an average of 10° cells in 1 mL of suspension,
to a total volume of 100 pL. Alexa Fluor 488 annexinV (5
pL) and 1 pL propidium iodide reserve liquid (100 ug/mL)
were added to the 100-pL cell suspension. The cells were
cultured for 15 min at room temperature and then 400 uL
of 1x annexin-binding buffer was added, and the sample
was gently mixed on the ice and tested as soon as possible.

Statistical analysis

SPSS 17.0 software was used for statistical analysis.
Data between two groups were compared using t-tests,
and those among groups were compared using analysis of
variance; P< 0.05 was considered to indicate a statistically
significant difference.

Results

Under the microscope, the cells of the control group
were distributed as a monolayer, showing good growth;
the cells were transparent and the boundaries were
clear. After treatment with PTH and anti-PTHR1 for
24 h, nuclei concentration was initiated, the nuclear
membrane gradually disintegrated, and the chromatin
showed a great division with an increase in concentration
of PTH and anti-PTHRI1, and time. Therefore, these cells
demonstrated the hallmark changes that occur during
apoptosis.

Flow cytometry demonstrated no significant changes
in the control group cells, whereas apoptosis of TT cells
was clearly detected under all tested concentrations of
PTH and anti-PTHR1. The apoptotic effect increased
with an increase in their concentration and with increase
in time for a given concentration, indicating time- and
concentration-dependent effects. Indeed, the apoptosis
rate was positively correlated with concentration and
time (P < 0.05). When the concentration of PTH was 2.0
umol/L, the apoptosis rate of TT cells was significantly
increased at 13.24% (P < 0.05). When the concentration
of anti-PTHR1 was 1.0 umol/L, the apoptosis rate of TT
cells was significantly increased, at 20.78% (P < 0.05) (Fig.

1 and 2).

Discussion

MTC is a malignant tumor originating from follicular
side cells (C cells), and calcitonin is a specific marker of
MTC cells 3. Surgical resection is still the preferred
radical approach for treatment. MTC is distinct from
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differentiated thyroid cancer, as it originates from C cells,
it is not affected by thyroid stimulating hormone (TSH),
and it does not express sodium/iodide symporter (NIS);
therefore, TSH inhibitory therapy and I'* radionuclide
irradiation treatment is ineffective for MTC, and the
10-year survival rate is much lower than that of patients
with differentiated thyroid cancer [*®. To date, a variety
of immunotherapy strategies, molecular targeted drugs,
and tumor vaccines have shown some good effects in
preclinical tests; although some of these drugs have
started to be used clinically, the therapeutic effect is still
not ideal 'Y, Therefore, the search for new effective
molecular therapeutic targets for MTC remains one of the
most difficult and hot issues in the field of thyroid cancer
research. Thus, further study of the MTC development
mechanism and tumor cell growth can help to provide
major breakthroughs for developing new therapeutic
drugs.

PTH is an endocrine hormone that regulates calcium
and phosphorus metabolism. However, its involvement
in the development of MTC and its effect on the growth
and proliferation of MTC cells have not been reported.
Dexamethasone was shown to inhibit the proliferation of
TT cells, mainly by inhibiting the G1 phase of the cell
cycle to induce apoptosis . Further studies have shown
that protein kinase C (PKC) inhibits the proliferation
of MTC cells by increasing apoptosis rate in vitro 3.
PTH receptor (PTHR) is a member of the G protein-
coupled receptor (GPCR) family. After PTH activates
the receptor, G protein decomposes into the «, , and y
subunits, including the Gs, Gi, Gq, and G12/13 subunit,
with different signal transduction functions. The Gs and
Gi o subunits respectively activate and inhibit adenylate
cyclase (AC), and affect cAMP generation and protein
kinase A activity. PLC-independent PKC activation
pathways (PTH/non-PLC/PKC). Among the above
pathways, cAMP/PKA and PLC are the main signaling
pathways that mediate the biological effects of PTH. PTHR
is expressed in the normal thyroid C membrane surface,
and it shows higher expression in MTC. PTHR activates
AC by GPCR, enables a higher concentration of cAMP in
cells, which activates PKA to initiate the AC-cAMP-PKA
pathways. However, there has been no in-depth study on
how these signaling pathways are regulated in MTC or
on the correlation among the proliferation, apoptosis, and
pathogenesis of MTC 14,

In this study, TT cells were treated with PTH and anti-
PTHRI, and light microscopy revealed that TT cells were
distributed as a monolayer, in spindle or polygonal shape,
the cell contour was clear, the cell morphology was
complete, and the cells were well grown. After treatment
with PTH and anti-PTHR1, the nuclei appeared to be
concentrated, marginalized, and the nuclear membrane
gradually disintegrated. The chromatin was divided into
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several blocks. The apoptosis of the cells was increased
with an increase of the drug concentration and with the
increase in treatment time. The results of flow cytometry
confirmed that all concentrations of PTH and anti-
PTHRI could induce the apoptosis of TT cells, and the
difference was significant (P < 0.05) compared to the
control. The apoptotic rate was positively correlated with
concentration and time (P < 0.05). The apoptosis of TT
cells was most significant when the PTH concentration
was 2.0 umol/L and that of anti-PTHR1 was 1.0 umol/L.
These results suggested that PTH and anti-PTHR1 can
inhibit the growth of TT cells and play important roles
in the induction of apoptosis in a concentration- and
time-dependent manner. Some studies have shown
that the addition of exogenous PTH1-34 can promote
PTH formation in TT cells, induce and activate PTHR1,
increase the cAMP level of TT cells, activated the AC-
cAMP-PKA pathway, inhibits the growth of TT cells,
and ultimately promotes apoptosis. These results are
consistent with those of our study.

The effects of PTH and anti-PTHR on the morphology
and structure of human MTC TT cells are consistent
with cell apoptosis. These results suggest that PTH and
anti-PTHR1 have a dual biological effect by inhibiting
the proliferation and inducing apoptosis of human MTC
TT cells. These findings provide a theoretical basis and
important reference for further studies of the mechanism
of PTH on MTC.

In summary, this study confirmed that PTH and anti-
PTHRI can effectively induce the apoptosis of human
MTC TT cells. This result provides very important
information and presents a practical application value for
exploring the mechanism of apoptosis induction and the
role of PTH on human MTC TT cells. With further in-
depth research and understanding of PTH, PTH and anti-
PTHR1 may become new anti-tumor therapy targets,
providing a new strategy for the early diagnosis and
treatment of MTC.
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Objective  To evaluate the predictive value of serum levels of PD-1, IL-17, and IL-21 in patients with non-
small cell lung cancer.

Methods Serum levels of PD-1, IL-17, and IL-21 were analyzed by ELISA in 45 patients with non-small
cell lung cancer (NSCLC) and 30 healthy individuals.

Results Serum PD-1, IL-17, and IL-21 levels were significantly different between preoperative patients
with NSCLC and the control group (P < 0.01), while there was no significant differences between the
postoperative patients and the control group (P > 0.05). Comparison of serum PD-1, IL-17, and IL-21 levels
of patients with NSCLC before and after the operation revealed a decrease in PD-1 and IL-17 levels and an
increase in IL-21 levels. The serum levels of PD-1 and IL-17 were higher in patients with advanced staged
disease than in those with early stage cancer (P < 0.05), while IL-21 levels were lower at the advanced
stages (P < 0.05).

Conclusion In patients with NSCLC, serum levels of PD-1, IL-17, and IL-21 changed considering the
surgical operation and the course of the disease. Screening these biomarker levels might provide a helpful
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Lungcancerisamalignantdisease with rapid recurrence
and high mortality rates '), and is the most common cause
of death among patients with cancer in China. More than
85% of patients with lung cancer present with non-small
cell lung cancer (NSCLC), which has a 5-year survival
rate of only about 15% [?. Studies have identified a variety
of immune molecules involved in the occurrence and
development of NSCLC, and detecting the related immune
molecules might be helpful for early diagnosis, effective
treatment, and improving the prognosis of the disease.
The programmed cell death protein 1 (PD-1) was isolated
in 1992 and belongs to the B7 family of immunoglobulins.
PD-1 is an important negative costimulatory molecule
that, upon binding to its ligand, inhibits T cell activation,
proliferation, participation in immune tolerance, and
immune evasion, which promote tumor development and
progression. Interleukin-21 (IL-21) is a type I cytokine
that was discovered by Parrish-Novak in 2000 and plays
an important role in anti-tumor and anti-virus immune
functions by promoting the activation, proliferation, and
differentiation of NK, B, and T cells. The role of IL-21 in

the development, progression, and metastasis of NSCLC
has not yet been elucidated . Interleukin 17 (IL-17) is a
proinflammatory cytokine that stimulates epithelial cells,
endothelial cells, and fibroblasts to produce a variety of
cytokines that induce inflammation 5#. IL-17 has been
found to induce tumor angiogenesis and promote tumor
growth, invasion, and metastasis in NSCLC animal models.
In this study, we investigated PD-1, IL-21, and IL-17
levels in the peripheral blood of patients with NSCLC and
healthy individuals to explore the significance of these
potential biomarkers in the development and progression
of NSCLC.

Materials and methods

Materials

From January 2015 to December 2016, 45 inpatients
diagnosed with primary non-small cell lung cancer were
recruited for our study. This patient cohort included
25 men and 20 women, with an average age of 56.1
years (range, 38 to 70 years). The normal control group

>4 Correspondence to: Wenging Wei. Email: wqwei2000@gq.com
© 2017 Huazhong University of Science and Technology
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included 30 healthy volunteers, 14 men and 16 women,
and the average age was 53.4 years (range, 36 to 65 years).
All patients provided informed consent and reported to
the hospital ethics committee for approval. Patient were
diagnosed through tissue biopsy, fiberoptic bronchoscopy,
and/or chest computed tomography. Diagnostic criteria
were categorized in reference to the WHO classification
of lung cancer histological criteria ), and the patients
with NSCLC were divided into 21 patients with squamous
cell carcinoma and 24 patients with adenocarcinoma.
Postoperative pathological stage was determined by TNM
standardization (International Union Against Cancer
Classification in 2002), and the patients were classified
as 7 patients with stage I, 11 patients with stage 2, 17
patients with stage 3, and 10 patients with stage 4 cancer.

Instruments and reagents

IL-17 and IL-21 ELISA kits were purchased from
Beijing Jingmei Bioengineering Co., Ltd. The PD-1 ELISA
kit was purchased from R&D Systems, USA.

PD-1, IL-17, and IL-21 quantification
with ELISA

Venous blood (4 mL) from patients was drawn 3 days
before and 7 days after the operation. The blood was made
to stand for 1 h at room temperature and was centrifuged
at 2500 r/min for 15 min. PD-1, IL-17, and IL-21 were
measured by using double antibody sandwich ELISA.
According to manufacturer instructions, each sample and
standard was repeated three times.

Statistical analysis

The data were expressed as mean + standard deviation
(mean + SD). Statistical comparisons, using analysis
of variance, were performed with SPSS 13.0 software.
P values less than 0.05 were considered statistically
significant.

http://otm.tjh.com.cn

Results

The levels of serum PD-1, IL-17, and IL-21
in patients with NSCLC and healthy subjects,

determined by ELISA

Serum levels of PD-1, IL-17, and IL-21 in 45 patients
with NSCLC were significantly different from those of
healthy volunteers (P< 0.01) (Table 1). Serum IL-21 levels
were significantly greater (P< 0.05), and serum PD-1 and
IL-17 levels were significantly lower, than those observed
in the postoperative group (P < 0.05).

The relationship between the serum levels of
PD-1, IL-17, and IL-21 in patients with NSCLC
and corresponding clinicopathological features

The levels of serum PD-1 and IL-17 gradually increased
with TNM stage progression, and the differences were
significant (P = 0.031, P = 0.037). IL-21 levels decreased
gradually as the TNM stage progressed, and this difference
was significant (P = 0.025). The changes in serum PD-
1, IL-17, and IL-21 levels did not correlate with the
pathological type of NSCLC. There were no significant
differences in the levels of squamous cell carcinoma and
adenocarcinoma between the two groups (P = 0.249, P =
0.251, P = 0.305; Table 2).

The relationship between PD-1,
and IL-21 levels in patients with NSCLC
There was a negative correlation between PD-1 and IL-
21 levels in the peripheral blood of patients with NSCLC
(r=0.031, P=0.532) and between IL-17 and IL-21 levels
(r=0.012, P = 0.325). There was a positive correlation
between PD-1 and IL-21 levels in the peripheral blood of

patients with NSCLC (r=0.534, P=0.265).

IL-17,

Discussion

As NSCLC does not usually show early clinical
manifestations, most patients with NSCLC are diagnosed
in the advanced stage. At the time of NSCLC diagnosis,
tumor cells already exhibit invasion and metastasis,
which affect disease treatment and prognosis, thereby
underscoring the need to monitor and control tumor cell

Table 1 The serum levels of IL-17 ,IL-21 and PD-1 of the preoperative and postoperative NSCLC patients vs controls (x + s)

Group n IL-17 (pg/mL) IL-21 (pg/mL) PD-1 (pg/mL)
Pre-operate Post-operate Pre-operate Post-operate Pre-operate Post-operate

NSCLC 45  46.21+13.42 26.89 £ 8.13 63.21£12.21 82.46 + 10.87 110.34 £20.13 55.27 £ 14.76

Control 30 20.08+7.93 - 86.93 + 10.62 - 5122 +15.12 -

t 3.679 1.693 3.435 1.652 4.009 1.730

P 0.031 0.093 0.042 0.102 0.020 0.134
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Table 2 The relationship between the serum level of PD-1, IL-17, IL-21 of NSCLC patients and clinical pathological features (x + s)

Clinical pathological features n IL-17 IL-21 PD-1
pg/mL P pg/mL P pg/mL P

TNM staging

Stage | 7 37.56 £4.33 78.36 + 11.49 9214 £17.22

Stage |l 1 46.64 + 5.61 67.74 +10.02 102.47 £ 22.53

Stage Ill 17 5471 +6.19 0037 57.13 +10.87 0.025 115.35+£20.98 0031

Stage IV 10 62.59 + 6.85 48.32 £ 9.62 128.31 £ 22.34
Pathological type

Squamous cell 21 51.81+5.46 66.67 + 12.81 109.14 £19.73

Carcinoma adenocarcinoma 24 5334+578 0251 6132+ 1434 0305 115.25 + 21.82 0.249

metastasis for patients with NSCLC 1%,

The development of NSCLC is closely related to
immune status and function. T lymphocytes play an
important role in cellular immunity, and CD4+ T cells
participate in the immune response at all stages. Th17
cells belong to a CD4+ T cell subset and secrete IL-17
and other cytokines involved in tumor development. In
NSCLC mouse models, IL-17 has been found to induce
the migration of vascular endothelial cells and formation
of endothelial cells, promote the secretion of cytokines
such as VEGF, TGF-f1 and PGE2 in tumor or tumor
stromal cells, and promote tumor growth, metastasis,
and infiltration. IL-21 is a type I cytokine that is secreted
by activated CD4+ T cells and NKT cells and contains
a chain that is in common with IL-2, IL-4, and IL-15
cytokines. IL-21 can promote lymphocyte proliferation
and differentiation and enhance the cytotoxicity of CD8+
T and NK cells. The regulation of IL-21 on immune cells
is bidirectional, and depends on microenvironmental
factors such as synergistic cytokines 1131,

The immune escape of tumor cells is closely related
to the abnormal expression of synergistic molecules.
PD-1/PD-L1 is an important member of the B7/CD28
costimulatory molecule superfamily and has been
shown to be responsible for the regulation of T cells by
suppressing T cell activation and proliferation, which
results in the immune escape of tumor cells. The PD-1

pathway has become a new hotspot for cancer therapy
[14-15]

In this study, we measured serum PD-1, IL-17, and IL-
21 levels in 45 patients with NSCLC. In comparison with
30 healthy volunteers, the levels of PD-1 and IL-17 in the
peripheral blood of patients with NSCLC increased, and
IL-21 levels decreased. We hypothesize that these three
immune molecules might be involved in the occurrence
of NSCLC, and for further investigation, we compared
the changes in serum levels of these cytokines in patients
before and after surgery. After treatment, the serum
levels of IL-17 and PD-1 decreased and IL-21 increased,
which are closely associated with tumor load. In order
to elucidate whether PD-1, IL-17, and IL-21 levels have

a certain relationship with NSCLC pathological stage,
serum levels of 45 patients with NSCLC were analyzed
according to TNM staging. The results showed that serum
PD-1 and IL-17 levels increased with the progression of
NSCLC (P =0.031, P=0.037), suggesting that PD-1 and
IL-17 were involved in the proliferation, infiltration,
and metastasis of NSCLC. The level of IL-21 decreased
gradually as TNM stage progressed (P= 0.025), suggesting
that as the clinical stage of NSCLC progresses, the
immune function of gradually reduces and IL-21 level
decreases. Our experimental data showed that there were
no significant differences in serum PD-1, IL-17, and IL-
21 levels between patients with squamous cell carcinoma
and those with adenocarcinoma, suggesting that serum
levels of PD-1, IL-17, and IL-21 were not related to the
pathological subtype of NSCLC.

In summary, the results of our study show that changes
in serum PD-1, IL-17, and IL-21 levels in patients with
NSCLC are associated with the development, progression,
and metastasis of NSCLC. Monitoring the levels of PD-
1, IL-17, and IL-21 may be important for guiding the
treatment and prognosis of patients with NSCLC.
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Objective  This study elucidated the function and role of SUMOylation in type | endometrial carcinoma.
Methods Fifty type | endometrial carcinoma cases and para-cancer tissue samples were collected. The
expression levels of ubiquitin-conjugating enzyme E2 | (Ube2i, Ubc9) and small ubiquitin-like modifier 1
(SUMO1)/sentrin-specific peptidase 1 (SENP1) proteins were examined using immunohistochemistry and
the correlation with clinicopathological parameters was analyzed.

Results  Ubc9 expression in type | endometrial carcinoma tissues was significantly higher than that in the
para-cancer tissues; in contrast, the expression of the SENP1 protein was markedly lower than that in the
para-cancer tissues. Ubc9 and SENP1 expression levels were negatively correlated and were associated
with tumor differentiation, but not age, depth of invasion, tumor stage, and lymph node metastasis.
Conclusion SUMOylation modification plays a major role in the pathogenesis and development of
type | endometrial carcinoma. Thus, it could be a potential target for the treatment of endometrial cancer.
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Endometrial carcinoma, a malignant epithelial
tumor that primarily occurs in perimenopausal and
postmenopausal women, is becoming one of the most
common tumors of the female reproductive system.
Furthermore, it is the third most common gynecological
malignancy leading to death (underlying ovarian and
cervical cancers). Histologically, endometrial carcinoma
is classified as type I and II. Accounting for 90% of
endometrial carcinomas, type I is a low-grade tumor
associated with estrogen. Recent studies have shown the
involvement of gene alterations including in phosphatase
and tensin homolog (PTEN) and KRAS proto-oncogene,
GTPase (K-RAS) as well as microsatellite instability in
the pathogenesis of carcinoma. However, the underlying
molecular mechanisms are unknown.

Small ubiquitin-like modifier (SUMO), which is a
highly conserved protein is expressed as a small ubiquitin-

related modification in eukaryotes ! and regulates

the function of target proteins by SUMOylation. This
modification is mainly mediated by covalent binding with
substrate proteins. The SUMOylation process requires the
actions of the El-activating and E2-conjugating enzymes
and E3 ligases . Previous studies have demonstrated
that the only ubiquitin-conjugating enzyme, E2 I (Ube2i,
Ubc9), plays a key role in the development of tumors
B, SUMOylation is a dynamic and reversible process,
and the SUMO-substrate combination can be separated
by specific enzymes. Previous studies identified the
expression of SUMO-specific proteases (SENPs), which are
responsible for separating SUMO and its target proteins,
in various tumor tissues and showed their participation
in the pathophysiology of tumor development .
Studies found that SENP1 expression was significantly
elevated in prostate, gastric, and breast cancer tissues

P<I Correspondence to: Weiging Huang. Email: 18678909697@126.com

© 2017 Huazhong University of Science and Technology



250

[79]; however, no related reports on its expression and
function in endometrial carcinoma are available. Thus,
our prospective study used immunohistochemical
staining to detect the differential expression of Ubc9 and
SENP1 proteins in type I endometrial cancer tissues to
evaluate the role of SUMO modification in ontogenesis
and development of type I endometrial carcinoma.

Materials and methods

Clinical data

Specimens from 50 patients with type I endometrial
carcinoma and adjacent normal tissues were collected
randomly after surgical resection in the patients at
the Qingdao Municipal Hospital. The samples were
confirmed by postoperative pathological diagnosis.
These included 9, 16, and 25 cases with high, moderate,
and low differentiation, respectively. The range and
median age of the patients was 42-70 and 56 years,
respectively, consisting of 14 and 36 patients who were <
50 and > 50 years old, respectively. According to the 2009
International Federation of Gynecology and Obstetrics
(FIGO) staging method, 21, 20, 9, and 0, patients were in
stages I, II, III, and IV, respectively, whereas 23 and 27
patients showed the presence and absence of lymph node
metastasis, respectively.

Reagents

Rabbit anti-human SENP1 and anti-human Ubc9
antibodies (Abcam, UK), enzyme-labeled sheep anti-
mouse/rabbit IgG polymer (Zhongshan Company,
Beijing), animal serum (sheep, Maixin Biotechnology
Co., Ltd., China), and 3% hydrogen peroxide (Maixin
Biotechnology Co., Ltd., China) were used in this study.

Test methods

The specimens were fixed for 24 h in 10% formalin,
embedded in paraffin, and sliced into 6 pm thick
sections, followed by xylene dewaxing, gradient alcohol
dehydration, high-pressure repair, 3% hydrogen
peroxide-based removal of endogenous enzymes,
blocking with animal serum (sheep), and incubation
with primary antibodies: rabbit anti-human SENPI
polyclonal antibody (1:400) and rabbit anti-human Ubc9
antibody (1:1000). Subsequently, the secondary antibody,
enzyme-labeled goat anti-mouse anti-rabbit IgG/polymer
was added, followed by 3, 3’-diaminobenzidine (DAB)
staining, hematoxylin counterstaining, acid alcohol
differentiation, dehydration, transparency treatment,
sealing with a neutral gum piece, and microscopic

http://otm.tjh.com.cn

examination. The testicular tissue was used as a positive
control (according to the instructions from the SENPI
antibody manufacturer). Phosphate-buffered saline (PBS)
was used as a negative control instead of the primary
antibody.

Determination standard

The determination standard used was that proposed in
the method of Liang er al "% which specifies to observe
the specimen 200 times under an optical microscope. Cells
with distinct brown granules were considered positive.
The Ubc9 protein was positively expressed primarily in
the cytoplasm of the tumor and stromal cells and brown
granules with different thicknesses and depths were
also observed. The SENP1 protein was mainly positively
expressed in the nucleus. Each tissue slice was randomly
examined in 10 high-power visual fields and evaluated
based on the depth of the cell color using a point scale
that was divided into four grades: no color, 0 points;
weak, 1 point; medium, 2 points; and strong, 3 points.
The following percentages of positive tumor cells were
assigned to the four grades; <10%, >10-30%, >30-60%,
>60% to 0, 1, 2, and 3 points, respectively. The final result
was the sum of two phases: 0-1 point, “-”; 2-3 points,
“+”; 4-5 points, “++7; 6 points, “+++.” The double-blind
method was used to determine the final result, and each
slice was assessed by two pathologists and re-enumerated
when the difference was >10%.

Statistical analysis

The statistical package for the social sciences (SPSS)
version 16 software was used to analyze the data using the
Chi-squared (x?) test. Fisher’s probability and Spearman’s
methods were used for the correlation analysis and a P <
0.05 was considered statistically significant.

Results

Expression of SENP1 protein in endometrial

carcinoma and adjacent normal tissues

The Ubc9 protein was primarily expressed in the tumor
and adjacent tissues. However, the positive expression
level was significantly lower in the adjacent normal
tissues [18% (9/50)] than it was in the tumor tissues [84%
(42/50)]. In contrast, the positive Ubc9 expression level in
the endometrial carcinoma tissue was significantly higher
than that in the adjacent normal tissue was (P < 0.001,
Table 1 and Fig 1).
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Expression of SENP1 protein in endometrial
carcinoma and adjacent normal tissues

The SENP1 protein was primarily positively expressed
in the adjacent normal and tumor tissues. However,
the positive expression level was significantly lower in
tumor tissues at 54% (27/50) than it was in the adjacent
normal tissues at 100% (50/50). Thus, the positive
SENP1 expression level in endometrial carcinoma was
significantly lower than that in the adjacent normal tissue
(P<0.001, Table 2 and Fig 2).

Relationship between Ubc9 protein expression
and clinicopathological features

The analysis of the relationship between Ubc9 protein
expression and clinicopathological features showed
that the expression was related to the degree of tumor
differentiation (P < 0.05). However, no correlation was
established with the patients’ age, depth of invasion,
FIGO stage, and lymph node metastasis (P > 0.05, Table
3 and Fig 1).

Table 1 Expression of Ubc9 protein in endometrial carcinoma and
adjacent normal tissues (n)

Ubc9
Group Case x? value  P-value
- + o+t
Carcinoma 5% 8 9 1 22
Adjacenttissues 50 41 6 2 1 4822  <0.001

| fn "’*‘«““&“i" ‘5

Y,

Fig. 1 Expression of Ubc9 in type | endometrial carcinoma and
its adjacent tissues (HE, x200). (a) adjacent tissues,Ubc9 was low
expression. (b) high differentiation tumor tissues,Ubc9 was also low
expression, but was higher than in (a). (c)middle differentiation tumor
tissues,Ubc9 was middle expression; (d) low differentiation tumor tissues,
Ubc9 was high expression
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Table 2 Expression of SENP1 protein in endometrial carcinoma and
adjacent normal tissues (n)

SENP1
Group Case x?value  P-value
- +
Carcinoma 5 23 3 6 18
Adjacent tissues 50 0 5 7 38 30.72  <0.001

Fig. 2 Expression of SENP1 in type | endometrial carcinoma and
its adjacent tissues (HE, x200) (a) adjacent tissues, SENP1 was high
expression. (b) high differentiation tumor tissues,SENP1 was also high
expression, but was higher than in (a). (c) middle differentiation tumor
tissues, SENP1 was middle expression. (d) low differentiation tumor
tissues, SENP1 was low expression)

Table 3 Relationship between Ubc9 protein expression and
clinical pathological features (n)

Ubc9
Group Case P-value
- + 0+t

Age (years)

<50 14 1 2 5 6

=50 36 7 7 6 16 0425
Depth of invasion

< 1/2 muscle layer 19 3 4 6 6

> 1/2 muscle layer 31 5 5 5 16 0472
Lymph node metastasis

Yes 27 4 4 712

No 23 4 5 4 10 0.849
Tumor degree

Low 25 1 4 8 12

Middle 16 2 3 2 9

High 9 5 2 1 1 0.021
FIGO Stage

| 21 4 5 5 7

Il 20 3 3 4 10

Il 9 1 1 2 5 0912
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Table 4 Relationship between SENP1 protein expression and clinical
pathological features

Group Case SENP1 P-value
+ ++

Age (years)

<50 14 702 3 2

=50 36 16 1 3 16 0.096
Depth of invasion

<1/2 muscle layer 19 8 1 2 8

> 1/2 muscle layer 31 15 2 4 10 0919
Lymph node metastasis

Yes 27 12 2 4 9

No 23 " 1 2 9 0863
Tumor degree

Low 25 18 1 3 3

Middle 16 4 2 2 8

High 9 1 0 1 7 0.003
FIGO Stage

I 21 9 0 2 10

I 20 8 2 3 7

Il 9 6 1 1 0 0.292
Table 5 Correlation between Ubc9 and SENP1

Ubc9 SENP1 rvalue P-value

- 8 23

+ 9

++ 11

+Ht 22 18

Total 50 50 -0.20 0.006

Relationship between SENP1 protein
expression and clinicopathological
characteristics

The analysis of the relationship between SENP1
protein expression and clinicopathological characteristics
revealed that the expression of SENP1 was related to the
degree of tumor differentiation (P < 0.05); however, no
association was noted with patient’s age, depth of tumor
invasion, FIGO stage, and lymph node metastasis (P >
0.05, Table 4 and Fig 2).

Correlation between Ubc9 and SENP1
The Spearman’s analysis showed that the expression of
Ubc9 was negatively correlated with that of SENP1 (P <

0.05, Table 5).

http://otm.tjh.com.cn

Discussion

SUMOylation modification is a dynamic and
reversible process mediated primarily by activation,
binding, and connection, which leads to modification "!l.
Although SUMOylation and ubiquitination are similar,
SUMOylation is more stable and cannot be degraded
easily by a protease compared to ubiquitination !'?. The
covalent link between SUMO and its target proteins
requires a cascade of enzymes including; Ubc9, which is
the only E2 conjugating enzyme and was first discovered
in the lower animals . E2 is correlated with cell meiosis
and cell cycle regulation . Ubc9 plays a major role in
cell cycle and DNA damage repair, and these pathways
are directly or indirectly related to tumorigenesis .
In the early stage of malignant cell transformation, the
expression levels of Ubc9 and SUMO proteins were
increased significantly ['. Recent studies have also shown
that Ubc9 is highly expressed in several tumors such as
breast, ovarian, and lung cancers *>7'¢; however, only a
few reports are available about endometrial carcinoma.

The reverse reaction of SUMOylation modification,
which separates SUMO and the target proteins, is termed
deSUMOylation and this process is primarily mediated by
SENPS [7]. SENP1 belongs to the SENP family of proteins
and catalyzes the separation of numerous SUMO-
target protein combinations. Although the specific
mechanism of the action of SENPs in the pathogenesis
and development of tumors is unclear, studies have
shown that the disruption of SUMOylation balance
promotes tumor occurrence and development. SENPs, as
critical enzymes in the deSUMOylation process, play a
vital role in maintaining the dynamics of SUMOylation
18], Therefore, further studies on the function of SENPs
and the mechanism underlying deSUMOylation
would provide insights into the processes that balance
SUMOylation modifications and contribute to elucidating
the mechanism of tumor occurrence and progression.

Tumor growth requires nutrients and hypoxia, which
is one of the factors affecting the supply of nutrients, is
mainly mediated by the coordination of the hypoxia-
inducible factor (HIF)-la . Cheng et al ®” reported
that knockout of the SENP1 gene could enhance the
SUMOylation of HIF-1la, leading to its adegradation.
Therefore, SENP1 gene knockout mice do not survive,
which might be attributed to the lack of new blood vessels
formation, thereby illustrating the vital role of SENP1 in
tumor occurrence and development.

In this study, we used Ubc9 and SENP1 antibodies to
examine SUMOylation in type I endometrial carcinoma
and adjacent normal tissues. The results showed that the
level of positive Ubc9 expression was significantly higher
in the tumor tissue than that in the adjacent normal
tissues (P< 0.05). The positive SENP1 expression level was
significantlylowerin tumortissuesthanthatintheadjacent
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normal tissues (P < 0.05), indicating that SUMOylation
considerably affected type I endometrial carcinoma
occurrence and development. The present study also
found that the expression levels of the two proteins were
related to the degree of tumor differentiation (P < 0.05).
Moreover, Ubc9 and SENP1 were negatively correlated
and played a crucial role in the observed SUMOylation
and deSUMOylation, respectively. However, whether
this function is antagonistic or the proteins interactive
with each to maintain the SUMOylation dynamics is
yet to be studied. Furthermore, in advanced melanoma,
inhibition of Ubc9 expression increases the sensitivity
of melanoma to chemotherapy Y. Therefore, whether
SENP1 can be used to antagonize Ubc9 to improve tissue
sensitivity to chemotherapy in endometrial carcinoma
should be addressed. An intensive study of the mechanism
underlying SUMOylation might identify a target for
endometrial carcinoma treatment.
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Abstract Objective  The expression of CXCL12 (stromal cell-derived factor-1)-CXCR4 (chemokine receptors-4) in
osteosarcoma and its role in angiogenesis were examined.
Methods The expression of CXCR4 and CXCL12 in 40 cases of osteosarcoma was detected by
immunohistochemistry and real-time fluorescence quantitative PCR. The expression of CD34 in
osteosarcoma was detected by immunohistochemistry. Morphometric image analysis was performed
to measure microvessel density (MVD). Additionally, the relationship between CXCL12 and CXCR4
expression and MVD of osteosarcoma and pulmonary metastasis were analyzed.
Results The positive rates of CXCL12 and CXCR4 protein expression in osteosarcoma were 40.0%
(16/40) and 60.0% (24/40), respectively. Fluorescence quantitative real-time PCR indicated that the
expression level of CXCR4 mRNA in pulmonary metastatic osteosarcoma was higher than that in non-
pulmonary metastatic osteosarcoma (P < 0.01). The level of MVD in pulmonary metastatic osteosarcoma
was higher than that in non-pulmonary metastatic osteosarcoma (P < 0.01).
Conclusion The expression level of CXCR4 was significantly associated with pulmonary metastasis and
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Metastasis is a complex, non-randomized, and multi- stromal cell-derived factor-1 (CXCL12) and chemokine
step process that involves critical steps such as tumor receptors-4 (CXCR4) plays an important role in a variety
cell motility, adhesion, invasion, growth, angiogenesis, of tumor and organ-specific metastases €. In this
metastasis-specific organ homing [, and escape from study, we analyzed CXCL12/CXCR4 expression levels in

the immune system . In recent years, many studies osteosarcoma and their relationship with angiogenesis.
have indicated that the biological axis constituted by
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Materials and Methods

Clinical data

Osteosarcoma primary tumor specimens from 40
patients (22 males, 18 females) were collected. Patients
ranged in age from 7 to 45 years, with a mean age of
25.5 years. All samples were collected after obtaining
informed consent, with complete clinical data. No
patients underwent radiotherapy or chemotherapy
before surgery. All cases were confirmed by histology.
Among these cases, 16 had lung metastasis and 24 were
non-metastatic. Nineteen cases occurred in the femur, 12
in the tibia and fibula, and 9 in the humerus. Histological
classification of bone tumors was determined based on
WHO classification ”: 20 cases were in osteoblasts, 10 in
cartilage cells, 8 in fibroblasts, and 2 were small cell type.

Immunohistochemistry SP detection

Mouse anti-human CXCL12 monoclonal antibody,
mouse anti-human CXCR4 monoclonal antibody, and
mouse anti-human CD34 monoclonal antibody were
obtained from DAKO Cytomation (Glostrup, Denmark).
The S-P kit was purchased from Fuzhou Maixin
Company (Fujian, China). Breast cancer specimens
were used as positive controls and phosphate-buffered
saline as a negative control for the primary antibodies.
Immunohistochemical SP staining was conducted
according to the kit instructions. Immunohistochemical
staining slides were evaluated by two pathologists. Ten
fields were counted on each slide at 400x magnification.
The percentage of positive cells was determined. Less
than 10% were negative, 11%-25% were weakly positive,
25%-50% were middle positive, and 50% were strongly
positive. Based on the intensity of staining, no color was
considered negative, light brown yellow as weak positive,
brown yellow as middle positive, and brown as strong
positive. The number of microvascular vessels for 5 fields
was counted at 400x magnification and considered the
microvessel density (MVD) of each sample.

Real-time fluorescence quantitative PCR

We used the 7500 real-time fluorescence quantitative
PCR instrument (Applied Biosystems, Foster City, CA,
USA) for SYBR real-time fluorescent quantitative PCR
detection to analyze CXCL12 and CXCR4 expression in
osteosarcoma; human B-actin [220 base pairs (bp)] was
used as an internal reference. The PCR primer sequences
and lengths of the amplified fragment were as follows:
CXCL12 forward: 5-CCGCGCTCTGCCTCAGCGACGG
GAAG-3’,CXCL12reverse: 5-CTTGTTTAAAGCTTTCT
CCAGGTACT-3’ (227 bp); CXCR4 forward: 5-AGCTGTT
GGTGAAAAGGTGGTCTATG-3’, CXCR4 reverse: 5-GC
GCTTCTGGTGGCCCTTGGAGTGTG-3’ (260 bp); f-actin
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forward: 5-CCCAAGGCCAACCGCGAGAAGAT-3,
B-actin reverse: 5-GTCCCGGCCAGCCAGGTCCAG-3’
(220 bp).

The reaction conditions for PCR were as follows: 1
cycle at 95 °C for 10 s, 40 cycles at 95 °C for 1 s, 40 cycles
at 56 °C for 5 s, and 40 cycles at 72 °C for 35 s. After the
reaction, the critical point set in the PCR amplification
was determined. The initial fluorescence signal compared
to that of the index growth phase at the inflection point
corresponding to the number of cycles (threshold cycle,
CT) was used as an indirect indicator of the initial
concentration of template. The different concentrations
of standard template versus the corresponding CT values
were plotted to obtain a standard curve.

Statistical analysis

We used SPSS version 10.0 software (SPSS, Inc.,
Chicago, IL, USA) to analyze the experimental data. A
critical value of P < 0.05 was considered to indicate a
statistically significant difference.

Results

Expression of CXCL12 and CXCR4

CXCL12 protein was mainly located in the cell
membrane and/or cytoplasm and showed brown granular
staining (Fig. 1). CXCR4 was strongly expressed in
osteosarcoma of lung metastasis (Fig. 2) and weakly
expressed in osteosarcoma of non-lung metastasis (Fig.
3). The positive rates of CXCL12 and CXCR4 protein
expression in osteosarcoma were 40.0% (16/40) and
60.0% (24/40), respectively.

After real-time fluorescence quantitative PCR to
detect CXCL12 and CXCR4 expression, we compared
CXCL12 and CXCR4 mRNA copy numbers to that of
B-actin. Melting curve analysis showed that the CXCR4
PCR melting curve peak was at 86.5 °C. The solution
temperature was uniform and the peak was sharp (Fig.
4). The CXCL12 PCR melting curve peak was at 83.5
°C. The solution temperature was uniform and the
peak shape was sharp (Fig. 5). All data agreed with the
immunohistochemical SP staining results.

Relationship between CXCR4 expression and
osteosarcoma lung metastases

In 24 cases of osteosarcoma without pulmonary
metastasis, the positive expression of CXCR4 was 41.7%.
In 16 patients with lung metastasis of osteosarcoma,
CXCR4 expression was 87.5%. CXCR4 expression was
significantly different between patients with and without
lung distant metastasis (P = 0.01) (Table 1). There was no
significant correlation with age, tumor size, sex, tumor
location, and histological type (Table 2).
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Fig. 1 CXCL12 positive osteosarcoma (x100)

Fig. 3 CXCR4 weakly positive osteosarcoma (x100) Fig. 6 CD34 positive microvascular endothelial cells (x100)
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Table 1 Expression of CXCR4 in osteosarcoma (n)
CXCR4 (P<0.05)
Groups . =
Negative Positive (%)
No metastasis of osteosarcoma 24 14 10 (41.7)
Metastasis of osteosarcoma 16 2 14 (87.5)

Table 3 Relationship between MVD and pulmonary metastasis of
osteosarcoma

Groups n MVD (P <0.01)
No metastasis of osteosarcoma 24 64+6.9
Osteosarcoma pulmonary metastasis 16 55+7.0

Relationship between MVD expression
and osteosarcoma lung metastases

CD34 wasmainlylocalized in microvascular endothelial
cells, according to immunohistochemical staining (Fig.
6). The shape of microvessels in osteosarcoma tissues was
irregular and the distribution was uneven. The vascular
around the tumor edge was dense, tufted, and sprouting.
The microvessels were unevenly distributed. We found
that MVD of patients with osteosarcoma lung metastasis
was significantly higher than that in patients without
metastasis (P < 0.01) (Table 3).

Discussion

Osteosarcoma is the most common malignant bone
tumor in children and adolescents ®. It may show local
invasive growth or metastasis. The lung is the most
common metastatic site for osteosarcoma . Despite the
use of chemotherapy and surgery, 40%-50% of patients
experience lung metastases and the 5-year survival rate is
only approximately 28% [,

Muller et al 'V first reported human breast cancer cell
lines with high expression of chemokine receptor CXCR4
and CCR7 in 2001. Primary breast cancer cells also highly
express CXCR4 and CCR7. In breast cancer metastasis
sites such as the lymph nodes, lung, liver, and bone
marrow, the ligands CXCL12 and CCL21 (6Ckine) are
highly expressed. Proteins not from skin and muscle but
from lung and liver tissue show significant chemotaxis to
breast cancer cells. Muller et al verified the hypothesis
that tumor cells use chemokines and determined the
relationship between cancer and chemokines. To clarify
the mechanism of tumor metastasis to search new
drugs with anti-metastatic mechanisms, Abu-Khalaf
et al " conducted breast cancer microarray analysis of
CXCR4 protein expression and cellular localization in
tumor cells. They found that CXCR4 expression in the
membrane and cytoplasm was associated with a low
survival rate of patients. Another study ™ found that
CXCR4 is highly expressed in gastric lymph nodes and
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Table 2 Relationship between CXCR4 expression and clinical
pathological factors of osteosarcoma (n)
Clinical pathological factors ~ n ,CXCR4 exlplressmn
Negative  Positive P
Gender 0.798
Male 22 10 12
Female 18 8 10
Age (year) 0.948
<18 19 8 "
>18 21 8 13
Tumor diameter (CM) 0.845
<10 17 7 10
>10 23 9 14
Tumor location 0.898
Femur 19 8 1"
Tibia and fibula 12 5 7
Humerus 9 3 6
Organization credit (WHO) 1.000
Osteoblast type 20 8 12
Cartilage cell type 10 4 6
Small cell type 2 1 1
Fibroblast type 8 3 5

lymphatic vessels. CXCR4 can induce chemotaxis and
invasion of tumor cells. CXCR4+ cancer cell lines exhibit
significant dose-dependent chemotaxis to CXCL12. High
expression of CXCR4 may determine the direction and
location of lymph node metastasis. CXCR4 expression
detected by endoscopic biopsy may help predict lymph
node metastasis and lymph node dissection to determine
the surgery range.

In this study, the positive rates of CXCL12 and
CXCR4 protein expression in osteosarcoma were 40.0%
(16/40) and 60.0% (24/40), respectively. Real-time PCR
confirmed these results. CXCR4 protein levels in patients
with osteosarcoma lung metastases were significantly
higher than those in patients without metastases (P <
0.05).

From the perspective of embryology and histology,
generalized angiogenesiscanbedividedintovasculogenesis
and angiogenesis. The former refers to endothelial
mesoderm-derived precursor cells (endothelial progenitor
cell, EPC) or vascular stem cells (angioblasts; also known
as hemangioblastoma or hemangioblasts). Through
differentiation and the cluster period, the original vascular
network forms during repeated remodeling formation.
The angiogenesis process occurs when endothelial cells
in pre-existing mature tissue proliferate and migrate by
sprouting or intussusceptions in new blood vessels. The
concept of angiogenesis had a new breakthrough in 1997.
Asahara er al ' detected endothelial precursor cells in
adult peripheral blood, indicating that angiogenesis in
adults not only occurred during capillary endothelial
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cell proliferation and migration, but also contributed
angioblasts as vascular endothelial precursors. The
formation of new blood vessels involves three steps:
angiogenesis, which includes the formation of pre-mature
somatic mesoderm tissues in the blood vessel; second,
the cell enters the vascular tissue formed from the initial
capillary network; third, trimming and transformation
into a functional cycle network. Vascular endothelial
growth factors such as vascular endothelial growth factor
(VEGF) play important roles in the angiogenesis process.

Microvessel counting is commonly conducted to
evaluate tumor angiogenesis. Polyclonal anti-CD34
antibody shows high sensitivity for labeling endothelial
cells. Our study confirmed that CD34 was localized
in microvascular endothelial cells. Microvessels in
osteosarcoma exhibit irregular shapes and uneven
distributions. The wvascular around the tumor edge
was dense, tufted, and sprouting as well as unevenly
distributed. We found that MVD of patients with
osteosarcoma lung metastasis was significantly higher
than that of patients without metastasis (P < 0.01).

Recent studies " showed that CXCL12 and CXCR4
play important roles in solid tumor growth, metastasis,
angiogenesis. Neovascularization is necessary for solid
tumor growth. Generally, angiogenesis-promoting
chemokines promote tumor formation and inhibiting
these chemokines could be anti-tumorigenic. Inthe VEGF-
CXCL12/CXCR4 chain, CXCL12 increases the expression
of VEGF and VEGF increases CXCL12 expression. This
forms an amplification circuit that is significantly affected
by hypoxia. Salvucci et al !'® found that VEGF promotes
the expression of CXCL12 in endothelial cells, as well
as blocks CXCL12/CXCR4 function and has an anti-
angiogenic effect. Koshiba er al ['”! found that CXCL12
and the ligands of CXCR4 can promote the formation of
blood vessels in the tumor and the migration of tumor
cells, leading to rapid tumor growth. We found that
MVD expression in the CXCL12-negative group was
significantly higher than that in the positive group. This
indicates that CXCL12 protein expression and MVD are
significantly negatively correlated, which is inconsistent
with the results of Salvucci. Cui et al "® found that
CXCR4-CXCL12 induced angiogenesis and lymph node
metastases of pancreatic cancer and that adjacent tissues
and pancreatic lymph nodes expressed moderate levels
of CXCL12 protein. We hypothesize that the VEGF
-CXCL12/CXCR4 adjusted chain is related not only to the
tumor tissue but also the microenvironment.

Our study confirmed that CXCL12/CXCR4 may play
important roles in the progression of osteosarcoma.
These results should be confirmed in an animal model
of osteosarcoma and in vivo and in vitro experiments are
needed to further verify the CXCL12/CXCR4 mechanism
in osteosarcoma.

http://otm.tjh.com.cn
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Flattening filter-free (FFF) beams generated by medical linear particle accelerators (linacs) have recently
been used in radiotherapy clinical practice. FFF beams have fundamental physical parameter differences
with respect to standard flattening filter (FF) beams, such that the generally used dosimetric parameters
and definitions are not always viable. This study investigates dosimetric parameters for use in the quality
assurance of FFF beams generated by medical linacs in radiotherapy. The main characteristics of the
photon beams are analyzed using specific data generated by a Varian TrueBeam linac having both FFF
and FF beams of 6 and 10 MV (megavolt) energy, respectively. Definitions for dose profile parameters are
suggested, starting from the renormalization of the FFF with respect to the corresponding FF beam. From
this point, the flatness concept is translated into one of “un-flatness”, and other definitions are proposed,
maintaining a strict parallelism between FFF and FF parameter concepts. The quality controls used in
establishing a quality assurance program when introducing FFF beams into the clinical environment are
given, maintaining similarity to those used for standard FF beams, and recommendations for the introduction
of FFF beams into clinical radiotherapy application for breast cancer patients are provided as an example for
comparison between FFF and FF for dose distribution and coverage for a target volume. Although there are
many advantages of using a FFF beam, especially for advanced radiotherapy techniques, there are a few
limitations (e.g., using a relatively higher energy photon beam for stereotactic radiotherapy (SRT), limited
speed of current multileaf collimators (MLCs), and off-axis distance-dependent modulation in intensity-
modulated radiation therapy (IMRT)) as well as challenges (e.g., criteria for beam quality evaluation and
penumbra, establishment of dosimetry methods, and consequences of photon target burn-up) that need to
be addressed for establishing the FFF beam as a viable alternative to the FF beam.

Keywords: flattening filter-free beam; flattening filter beam; breast cancer; treatment planning;
beam characteristics; multileaf collimator

Traditionally, the flattening filter (FF) in the X-ray
beam path of a linear accelerator produces an almost
uniform fluence over a collimated field. Thisis particularly
advantageous for 3D conformal radiation therapy (CRT)
for practical reasons.

The removal of the FF leads to a rapidly decreasing
fluence distribution, and thus to inhomogeneous dose
distributions. The advantage of this is its positive

influence on the peripheral dose through reduced head
scatter and MLC leakage !, as well as a considerable
increase in the dose rate, which has a beneficial effect on
modern therapy methods.

Inaddition to improved shielding in the treatmenthead,
Ponisch er al?! suggest the use of secondary jaws to track
the MLC and removal of the FF as a source of scattered
radiation with fluence-modulated radiation therapy
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(RT). The disadvantage of a non-uniform, conical fluence
distribution can be considered with intensity-modulated
radiation therapy (IMRT) in an optimization algorithm.
Recent studies show the feasibility of using flattening
filter-free (FFF) beams for IMRT and stereotactic body
radiation therapy (SBRT) B-°L In addition, it has been
concluded that the decreased variation in scatter factors
and beam quality along the field simplifies the dose
calculation . It is often necessary to resort to field-in-
field (FIF) techniques, also referred to as forward IMRT
techniques, to achieve better conformity for the PTV
in 3D CRT planning. Additional fields in one angle of
incidence (multistatic field) can be used to adapt dose
distribution optimally to the anatomy of the patient
without the need for a wedge. Several studies for various
RT locations show that a beneficial dose distribution can
be achieved with this method with regard to homogeneity
and conformity . It is also possible to use FFF beams in
3D CRT through this FIF technique.

Materials and methods

Materials

Linear accelerator—TrueBeam system

The linear accelerator used in this study is a TrueBeam
linac developed by Varian Medical Systems. It is designed
to deliver FF as well as FFF photon beams. It represents a
new platform of Varian linacs, where many key elements,
including the waveguide system, carousel assembly,
beam generation, and monitoring control system, differ
from the preceding CLINAC series. Further, it contains
a multiport X-ray filter management system (carousel)
that accommodates field-flattening filters and open
ports. The dosimetry systems of these linacs (monitor
chamber) are capable of accurately processing a wide
range of ionizations per pulse. The maximum dose rates
of the TrueBeam system are 1400 and 2400 MU/min for
6 MV (labeled as 6XFFF) and 10 MV (labeled as 10XFFF)
X-rays, respectively. The accelerator is equipped with
asymmetric collimation jaws and an MLC consisting of
120 leaves on each side, allowing a maximum field size of
40 x 40 cm?

Dosimetry system

A PTW MP3 water phantom (PTW Freiburg GmbH)
with inner tank dimensions of 694.0 x 596.0 x 502.5 mm?
is used together with a cylindrical semiflex ion-chamber
(PTW, type 21010) with an inner cavity volume of 0.125
cm?®. Further, to compensate for beam output variations,
a cylindrical ion-chamber (PTW, type 31010) was used as
a reference in the present and all the following relative
dose measurements.

PTW UNIDOS electrometer

For all measurements with the water tank scanning
system, a PTW UNIDOS Electrometer is used, and the
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data collection is performed using the PTW MEPHYSTO
software.

Vascular slices showed sharply cut edges with
blood vessels. Outside the cut edge, the vessel wall and
surrounding tissue were thick, and had long endovascular
thrombosed segments.

Portal Dosimetry

During this work, Electronic Portal Imaging Devices
(EPID) are used for acquiring megavoltage images during
patient treatment. The larger area of the Digital Megavolt
Imagers (DMI) is a square (43 x 43 cm? for single images).

Methods

Linear accelerator—TrueBeam system

For each photon energy, percentage depth dose curves
(PDDs) are acquired for 13 square field sizes: 2, 3, 4, 6, 8,
10, 12, 15, 20, 25, 30, 35, and 40 cm. Field size is defined
by jaws, not MLC, due to the standard data collection
measured for jaws only, and after all data commissioning,
then scatter from MLCs measured and add for data
transfer for treatment planning system for creation
different shapes for field sizes.

The water level is checked periodically using the
front pointer — always before the first scan — for X6 and
6FFF additionally at mid-field size. Evaporation makes it
necessary to fill the water tank approximately every 30
minutes, depending on room temperature and humidity.
The front pointer method can detect changes of SSD in
the order of 0.2 mm.

On one hand, the depths for maximum dose (dmax)
serve as reference depths for the linac output calibration.
Following the Varian recommendation, we calibrate our
TrueBeams to deliver 1.0 Gy per 100 MU at an SSD of 100
cm at a depth of dmax for the 10 x 10 cm? reference field.

Results

Diax results
The following dmax depths for the 10 x 10 cm? field
were determined:

16 mm (X6)

14 mm (6FFF)

26 mm (X10)

24 mm (10FFF)

Fig. 1 and 2 show the PDDs for all field sizes (from 2.0
cm? to 40 cm?) for 6 MV (FF and FFF). Figs. 3 and 4 show
the beam profiles for all field sizes (from 2.0 cm? to 40
cm?) for 6 MV (FF and FFF).

Figs. 3 and 4 show the beam profiles for field size 40 x
40 cm? for 6 MV (FF and FFF), from which the following
observations can be made:

Sm: in the plateau region, all profiles were smoothed
once.

For the two FFF energies only, a single data point was
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added to the 40 x 40 cm? profile at 300 mm depth, at the
location —294.5 mm. The data point value was guessed
visually.

Sym: all profiles were mirrored (symmetries).

The saturation correction of transverse profiles is
shown in analogy to the PDD curves. However, we find
that it does not make sense to correct the profiles for
saturation. While for a PDD at the lowest energy (6FFF),
the dose per pulse ratio between dma.x and 300 mm depth
can be up to 6.7 (the PDD value of 6FFF, field size 1 x 1
cm, at 300 mm depth, is 14.9 %), the dose per pulse at the
shoulder point of a FFF cross-plane profile is at least 40%
(10FFF, 40 x 40 cm?, 22 mm depth). As the transverse
profiles are always normalized to the central axis (CAX)
during TPS formatting, a saturation correction of the
profiles would have no effect between the CAX and the
shoulder point, from which it can be concluded that the
effect is smaller than 0.1 %.

The magnitude of contaminating electrons from the
FFF beam is relatively small and, therefore, the depth of
the dose maximum shows a weak dependence on field-
size variation. Lateral dose profiles of the FFF beam differ
significantly from those of the FF beam. The central peak
in the lateral profiles of the FFF beam is pronounced only
for medium to large field sizes. The higher the energy, the
more pronounced the central peak is. The shape of the
lateral beam profile of a FFF beam changes slightly with
depth due to a significantly reduced off-axis softening
effect, and hence the depth-dose characteristic remains
almost constant across the field, even for large field sizes.

Optimization of dose distribution

The larger area of the Digital Megavolt Imager (DMI)
is square (43 x 43 cm? for single images). This offers
the possibility to image larger field lengths at the same
imaging distance.

Resolution is also slightly improved. The image size is
1280 x 1280 pixels for single images.

Case study — 6 MV (FFF)

For the second FFF energy, 6FFF, portal dosimetry
results also improved dramatically. Outside the Complete
Irradiation Area Outline (CIAO), profiles measured with
a Varian aS1000 imager were often very low compared
to calculations using EPIQA (EPIQA is non-transit
commercial software that can convert a dosimetric image
acquired by an EPID into a dose map, and compares
the dose map with a reference dose distribution). This
problem does not currently exist.

Fig. 5 shows an example of IMRT plan 5 fields of the
breast, 6FFF, 1400 MU/min, again measured at isocenter
distance. With the 2%/2 mm criterion, the gamma
agreement index for both arcs is approximately 100%
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over the whole detector area.

As shown in Fig. 5, there is a significant difference
between dose distribution for 6 MV (FFF) in target
coverage and doses for organs at risk versus 6 MV (FF),
due to the difference in depth of the maximum dose and
applicability for good distribution with the FFF beam.

The photo-neutron fluence per monitor unit (MU)
produced by the high-energy FFF beam is relatively less
in comparison to that produced by the FF beam (Fig. 8).
Hence, operating the accelerator in the FFF mode benefits
both the patient and the radiation therapy technologist.
However, the benefit of decreased neutron dose for FFF
beams at high X-ray energies (15, 18 MV) needs to be
critically examined, giving due consideration to their
clinical use over low X-ray energies (6, 10 MV). Due to
reduced average energy, treatment head leakage, and
fractional neutron dose, the concrete thickness required
for the FFF linac vault is also relatively less. Thus, the
existing linac vault can safely be used for operating the
FFF linac at reduced occupational exposure, and while
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constructing a new shielded vault there will be a saving
of space and cost.

In addition, the phosphor screen of the EPID shows
increased sensitivity to low-energy photons present in
the spectra of the FFF beam. It was also reported that
the EPID-measured profile changes minimally with
increasing phantom thickness due to small energy
variation across the profile. Portal dosimetry using
existing EPID of standard linac is therefore a possible
option for patient-specific quality assurance in the FFF
beam.

Case study — 10 MV (FFF)

The following example shows palliative treatment of
single are, 10FFF energy, 2400 MU/min and 2357.2 MU
total, planned with Eclipse 13.6 (AAA 13.6.23). This plan
was verified with portal dosimetry for a single fraction in
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Fig. 5 Beam profile for field size 40 x 40 cm? for 6 MV (FF)

Fig. 6 Beam profile for field size 40 x 40 cm? for 6 MV (FFF)

palliative cases (Fig. 7).

A verification plan was calculated using a portal dose
image prediction (PDIP) algorithm. The arc was measured
with the DMI imager at isocenter distance and analyzed
using the 3%/3 mm DTA gamma criterion:

Volumetric modulated arc therapy (VMAT), or Varian
RapidArc® Radiotherapy Technology, is an advanced
form of IMRT that delivers a precisely sculpted 3D dose
distribution with 360° as the maximum for angle rotation
of the gantry in a single or multi-arc treatment. RapidArc
uses a dynamic MLC, variable dose rate, and variable
gantry speed to generate IMRT-quality dose distributions.

The current dosimetry protocols that are followed for
output measurement of photon beams from medical linear
accelerators require a beam quality correction factor. This
beam quality correction factor is related to the quality
index [%DD(10) or TPR1020] of the photon beam. As the
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Fig. 7 Comparison for two-dose distribution for breast cancer, plotted
at6 MV (FFF) and 6 MV (FF)

Fig. 8 EPID evaluation of two tangents for a breast cancer patient
using FFF, as an example of a portal dosimetry tool for a TrueBeam linear
accelerator

3
b,

Fig. 9 Example of dorsal lesion for 10 MV FFF beam and dose
distribution using the VMAT technique (single arc)

reference conditions for measuring the quality index of
the photon beam is given with reference to the FF beam,
it cannot be directly applied for the FFF beam. Therefore,
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there is a need to revise the existing dosimetry protocols
for the FFF beam. The conventional definition of beam
penumbra is not applicable to the FFF beam, and requires
a modification to the definition. The primary electrons
have been reported to penetrate through the high Z thin
targets used for generating bremsstrahlung photons,
posing a potential risk for producing high surface doses
if not removed.

Inthe case of a standard photon beam (FF), the electrons
penetrating through the thin bremsstrahlung targets are
efficiently removed by the FF. In a FFF linac, an additional
thin metal plate in front of the monitor chamber is used
to remove the primary electrons penetrating through the
bremsstrahlung target. The material and the thickness
of this plate need to be optimized, maintaining the
advantage of the FFF beam, and giving due consideration
to the incidence of bremsstrahlung target breaks.

Discussion

Advanced beam therapy techniques, such as RT,
where inhomogeneous dose distributions are applied, and
IMRT, where varying fluence patterns across the beam
are delivered, have stimulated interest in operating a
standard linac in the FFF mode. A standard linac can be
used for generating photon beams with either an FF beam
or a FFF beam. Several Monte Carlo and experimental
studies dealing with characteristics, dosimetric aspects,
and radiation protection issues of FFF photon beams,
generated by mechanically removing the flattening filter
of existing standard linacs of different makes and models,
have been recently reported. Studies related to treatment
planning and dose delivery of various clinical cases
using FFF beams demonstrate their clinical suitability
and superiority over FF photon beams. A review of the
properties of FFF photon beams summarizing the findings
of different investigators has also been recently published.

A recent study by Hrbacek et al ™™ reports the measured
dosimetric characteristics of unflattened photon beams
generated using a new model of a standard linac (Varian
TrueBeam STx), capable of generating both flattened
and unflattened clinical photon beams. It is well known
that the FF in a standard linear accelerator acts as an
attenuator, a beam hardener, and a scatterer. Obviously,
the removal of the FF results in an increase in dose rate,
softening of the X-ray spectra, and a reduction in head
scattered radiation and the non-uniform beam profile. The
reported dose rate of FFF beams is about 2—4 times higher
than that of the FF beams, that is, FFF linear accelerators
can typically be operated at a dose rate higher than 10 Gy/
min under the normal operating conditions applied for
FF linear accelerators. The increased dose rate decreases
the dose delivery time, especially for hypo-fractionated
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stereotactic radiotherapy (SRT), and is thought to be
useful in managing the intrafractional target motion.

The softening of the X-ray spectra affects the depth
as well as the lateral dose distribution at all depths, and
results in increased surface dose and slight shifting of the
depth of maximum dose toward the surface. The lateral
transport is reduced, which may result in greater control
over gradients within the field and at target boundaries.
The head scatter variation for an unflattened beam is
typically about 1.5 % as against about 8 % of the flattened
beam for the field sizes in the range from 3 x 3 cm? to 40
x 40 cm?

As a result, a simple model for dose calculation of
irregular treatment fields is sufficient for the FFF beam.
Moreover, due to the absence of the collimator exchange
effect, it is not necessary to account for whether the upper
or lower secondary collimator is defining the long side
of the rectangular beam. The decreased head scatter, and
hence the reduced head leakage, also results in decreased
far field peripheral dose (PD) to the patient.

The near field PD is also due less to the combined
effects of softer photon beam spectra, increased dose
per pulse, and reduced collimator transmission. While
treating the patients by radiotherapy (IMRT) with a 6 MV
FFF beam, the integral dose to nearby healthy tissue and
the whole-body integral dose, respectively, were found
to be significantly higher than the FF beam, and the use
of higher FFF beam energy is suggested as the remedy for
the problem (e.g., using 10 MV instead of 6 MV) ll. This is
because the 10 MV unflattened depth dose characteristics
are similar to those for a 6 MV flattened beam. The use of
a FFF beam over a FF beam is a natural choice for IMRT
treatments. However, the leaf travel time for creating
a large number of optimized segments for static IMRT
and the leaf speed for the dynamic and rotational IMRT
are the limiting factors in the dose delivery efficiency of
IMRT.

Hence, for effective and efficient use of the FFF beam,
the technology of current MLCs needs to be modified.
Further, the intensity of the FFF beam abruptly decreases
with the off-axis distance for large open fields (>10x10
cm?), which necessitates the off-axis distance-dependent
modulation for delivering uniform dose to the tumor.
While executing the off-axis distance-dependent
modulation by dynamic MLC, larger monitor units are
required, which increase the gross head leakage and
lessen the advantage of using the FFF beam. This effect is
significant in dynamic IMRT of off-axis targets and large
volume targets; while dealing with such clinical cases, a
modified FFF beam is required 1.

Conclusions

Although there are a number of advantages of using
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a FFF beam, especially for advanced radiotherapy
techniques, there are a few limitations (e.g., using a
relatively higher energy photon beam for SRT, limited
speed of current MLCs, and off-axis distance-dependent
modulation in IMRT) as well as challenges (e.g., criteria
for beam quality evaluation and penumbra, establishment
of dosimetry methods, and consequences of photon target
burn-up) that need to be addressed for establishing the
FFF beam as a viable alternative to the FF beam.
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Abstract
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Primary urachal carcinoma is a very rare cancer with a poor prognosis. It generally presents as a high-
grade, high-stage tumor, and in most cases the patient has developed regional or distant metastasis
at the time of presentation. Here, we report a very interesting case of primary urachal adenocarcinoma
with signet ring cell carcinoma in a 58-year-old male who presented with a lower abdominal mass and
discomfort. In this case, urachal carcinoma was successfully treated with surgery using an extended partial
bladder cystectomy approach with excision of the urachal mass and umbilicus. The patient also underwent
systematic chemotherapy with 5-fluorourical and cisplatin. During the 12-month follow-up period, the patient
did not experience recurrence or metastasis. Overall, we found that an organ preserving extended partial
cystectomy along with chemotherapy was an optimal treatment method that helped improve the patient's
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quality of the life with no recurrence of cancer so far.
urachal tumor; urachus; bladder cancer; therapy

The urachus is a tubular structure that connects
the bladder with the umbilicus. Nitrogenous waste is
discharged from the bladder, the main organ of excretion
during the fetal period. During the fourth and fifth month
of embryonic life, the urachus gradually degenerates
into a rudimentary fibromuscular closed canal, which is
known in adults as the median umbilical ligament, and
stretches between the dome of the urinary bladder and
the umbilicus. However, a urachal remnant in the form
of a tubular or cystic muscular structure can persist. It
is most commonly found between the umbilicus and the
bladder, usually at the dome of the bladder. After birth,
if the umbilical lumen is not completely closed, it may
lead to various abnormalities including infection, cystic
degeneration, and malignancy !'l. Autopsy studies suggest
that in one-third of adults, the urachus canal partly
persists 2. Urachal carcinoma (URC) is a rare malignant
disease that manifests in residual urinary tissue, accounts
for 0.01% of adult tumors and approximately 20% to 40%
of primary bladder adenocarcinomas . Urachal tumors

tend to be associated with a poor prognosis, with 5-year

survival rates ranging from 9.0% to 43% *..

Case report

A 58-year-old male, with no smoking history, presented
to us with a lower abdominal lump approximately
5.0 x 3.0 cm in size. The lump had started to develop
five years prior and grew gradually each year. As the
lump grew, he also felt discomfort. He had no previous
history of hematuria, cystitis cystica, cystitis glandularis,
bladder irritation or weight loss. However, the patient
had a 24-year history of hypertension for which he took
medication.

On physical examination, a well-defined lump was
palpable in the umbilical and hyponastic region and
was globular in shape. It was approximately 12 x 10
cm in size, had smooth surface and regular margins all
around. No abnormalities were found in the rest of the
physical examination. Ultrasonography showed a solid
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and cystic heterogenous, uneven mass approximately
12.4 x 10.1 x 9.2 cm above and close to the left wall
of the bladder. The ultrasound also showed evidence of
adequate bladder filling, smooth mucosa and no obvious
significant mass. The wurine microscopy and wurine
cytology did not reveal any abnormalities. Computed
Tomography (CT) of the abdomen showed a hypodense
soft tissue lesion in the supravesical region near the dome
of the urinary bladder; the lesion extended superiorly
up to just below the umbilicus, and therefore the border
between the lower margin and the bladder was not clear
(Fig. 1). There was no evidence of distant metastasis or
intra-abdominal lymphadenopathy and the other organs
appeared normal. The provisional diagnosis was a urachal

Fig. 1 Computed Tomography of abdomen showing urachal mass
(arrow) attaching the bladder dome and squeezed the bladder

Fig. 2 Histopathological findings of the biopsy showing the tumour cells
containing intracellular vacuole displacing the hyperchromatic nucleus to
one side suggestive of signet ring cell carcinoma (red arrow), | urachal
mucinous adenocarcinoma (black arrow)

http://otm.tjh.com.cn

remnant malignancy. The patient underwent cystoscopic
examination, which revealed a round swollen area
of tissue that was squeezing the anterior dome of the
bladder; the bladder mucosa was smooth.

Surgical exploration was performed for the patient
after adequate preoperative preparation. During the
exploration, a urachal mass extending up to the dome of
urinary bladder was found. The mass was approximately
12.0 x 10.0 x 9.0 cm in size and was not interlinked
with the bladder. Surrounding it was approximately 200
milliliters of a viscous secretion. An extended partial
cystectomy with excision of the urachal mass and
umbilicus was performed after confirming the absence
of leakage from the urinary bladder. After the operation,
the patient received 6 cycles of systemic chemotherapy

which included 5-flurourical (FU) and cisplatin.

Pathological analysis revealed a urachal mucinous
adenocarcinoma, with partial signet ring cell carcinoma;
there was no evidence of deep invasion through the
urachus, and the incisal margin of the bladder was
negative (Fig. 2). The Myao stage at diagnosis is I period.
The patient has been regularly followed-up for 12 months
and doing is well.

Discussion

Primary urachal adenocarcinoma is an extremely rare
but highly malignant tumor, accounting for only 0.17
to 0.34 % of all bladder tumors . This tumor is more
common in males aged from 40 to 60 years. To date, no
consensus has been reached regarding the diagnostic
criteria of URC. The most commonly used criteria have
been proposed by Sheldon et al'® and Mostofi et al " and
revised by Gopalan et al ®! which include the following
characteristics: (1) tumor is located in the dome/anterior
wall of the bladder, (2) the tumorislocated at the epicenter
in the bladder wall, (3) there is an absence of cystitis cystica
and cystitis glandularis, and (4) lack of known primary
adenocarcinoma elsewhere. The most common symptoms
of URC include macroscopic or microscopic hematuria,
abdominal pain, and dysuria. Other less common clinical
presentations included pollakisuria, pyuria, urinary tract
infection, umbilical discharge (e.g. blood, urine, and
mucus), vaginal discharge, and nonspecific symptoms
(nausea, vomiting, diarrhea, weight loss, or fever) ¥l Some
serum markers have proven to be helpful in the diagnosis
and monitoring of URC, including carcinoembryonic
antigen and carbohydrate antigen 19-9 as well as cancer
antigen 125. Increased serum levels of these markers have
been detected in patients with URC adenocarcinomal®
10, In this case, the patient presented with a mass in the
abdomen, no hematuria or abdominal pain, absent typical
clinical symptoms such as__ and the serum markers
appeared normal. When a patient presents with non-



Oncol Transl Med, December 2017, Vol. 3, No. 6

specific symptoms like an abdominal mass in our case,
then a high index of suspicion is required because these
symptoms are very common with benign conditions.
The most common pathological type of urachal tumor is
adenocarcinoma. Other rare patterns include the signet
ring cell type, clear cell type, hepatoid type, and mixed
patterns !, It has been postulated that the oncogenesis of
urachal adenocarcinoma involves a metaplastic process,
as the urachal urothelium often exhibits glandular
metaplasia !, Several stage classifications exist, but the
most often used is the Mayo staging system ©, which
includes the following: I. Tumor is confined to the urachus
and/or bladder, II. Tumor extends beyond the muscular
layer of urachus and/or the bladder, III. Tumor infiltrates
the regional lymph node, IV. Tumor infiltrates the non-
regional lymph nodes or other distant sites. Generally,
URC presents as a high-grade, high-stage cancer, and in
the majority of cases there is regional or distant metastasis
at the time of presentation. Therefore, this cancer is
usually associated with a poor prognosis 2. By lymphatic
dissemination URC usually metastasizes into the pelvic
lymph nodes and by hematogenous dissemination into
distant organs, especially lungs, bone, or peritoneum
13, Although the pathological features of ureteral
adenocarcinoma and bladder adenocarcinoma are similar,
the prognosis for ureteral adenocarcinoma is better than
for bladder adenocarcinoma. This may be due to the age
of patients since those with ureteral adenocarcinoma are
often younger than those with adenocarcinoma of the
bladder . Surgery remains the primary treatment for
prolonging the overall survival of patients. Some scholars
believe that both partial and radical cystectomy can be
considered as they provide similar oncological results
15, However, Behrendt et al ' suggests that an organ
preserving extended partial cystectomy provides a higher
quality of life and should be preferred. Since URC is not
sensitive to radiotherapy, chemotherapy, along with
the surgery, is the only treatment option to potentially
prolong survival. One meta-analysis suggested that the
most effective treatment may be a combination of 5-FU
with cisplatin, which performs significantly better than
cisplatin-based only therapies [®.

URC is an extremely rare cancer and often presents
as a high-grade, high-stage cancer. A localized URC
organ preserving partial cystectomy provides a long-
term disease-free survival, and the combination of 5-FU
with cisplatin provides the most favorable response. In
addition, regular postoperative follow-up is necessary.
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