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Abstract

Background: Pancreatic cancer (PC) is among the deadliest cancers of the gastroin-
testinal tract worldwide and a growing global health concern.

Aim: This study was aimed to evaluate the survival rate and prognostic factors of sur-
vival in patients with PC.

Methods: In this retrospective cohort study, the records of 556 patients with PC reg-
istered in the hospital cancer registration system from September 2007 to September
2020 were evaluated. In this regard, demographic data, tumor characteristics,
received treatments, and patients' final status were analyzed. Kaplan-Meier and
Cox's regression were used for univariate and multivariate analyses, respectively.
Results: The 5-year survival rate was found to be 4.3%. The median survival time
was 12.4 + 6.6 months. Univariate analysis showed that age, BMI (kg/m?), blood
transfusions, differentiation, tumor stage, tumor size, number of involved lymph
nodes, lymph node ratio (LNR), and type of treatment received were significantly
associated with patient survival (p < .05). Multivariate Cox regression indicated that
the age 260 years [Hazard Ratio (HR) = 1.25, 95% confidence interval (Cl) = 1.03-
1.49], BMI <18 (kg/m?% HR = 1.56, 95% Cl = 1.13-2.14), poor differentiation
(HR = 2.12, 95% Cl = 1.75-2.49), tumor size >2.5 cm (HR = 4.61, 95% Cl = 3.30-
6.78), metastasis presence (HR = 1.97, 95% Cl = 1.49-2.60), more than two involved
lymph nodes (HR = 1.52, 95% CI = 1.31-1.77), LNR <0.2 (HR = 0.56, 95%
Cl = 0.36-0.77), and adjuvant therapy with surgery and chemotherapy (HR = 0.44,
95% Cl = 0.28-0.61) are the most important prognostic factors of survival in patients
with PC (p < .05).

Conclusions: This study showed that the survival rate of patients with pancreatic
cancer varies based on the characteristics of the tumor and the type of treatment

received.
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1 | INTRODUCTION
Pancreatic cancer (PC) is among the deadliest cancers of the gastroin-
testinal tract and the eighth leading cause of cancer death with more
than 250 000 annual deaths globally.? It is estimated that PC would
be the second leading cause of cancer deaths by 2030. The mortality
rate of PC is higher in males than in females, and its rate increases
with age.?® PC has the worst prognosis among all cancers. It is the
only cancer with an annual incidence higher than its prevalence.* Iran
ranks 11th among Asian countries regarding the mortality rate and
incidence of PC. This cancer is the 12th leading cause of cancer death
in Iran.> The survival of patients with PC depends on several factors
such as the type of treatment received, the patient age at the time of
diagnosis, the number of involved lymph nodes, metastasis, tumor
size, and tumor stage.”® The 5-year survival rate of patients with PC
has been reported below 5%, and most patients die within 6 months
after diagnosis.! Tumor removal by surgery is the only appropriate
treatment to increase the survival rate of patients with PC. However,
most patients are diagnosed in advanced stages of the disease with
metastasis, and only 10-20% of patients refer for surgery at the
appropriate time.” The mean approximate survival time of patients
with metastasis is 6 months, and the median survival time in advanced
stages of the disease is reported to be 4-12 months. 2111

The survival period of patients diagnosed with PC has been the
subject of numerous epidemiological studies in Iran.2>"'* No study
has been conducted in Iran to evaluate the survival predictors among
patients with PC. On the other hand, it is necessary to evaluate
patients and select the best treatment protocol. Accordingly, this
study was designed to evaluate the survival rate and prognostic fac-

tors of survival in patients with PC for the first time in Iran.

2 | MATERIALS AND METHODS
This retrospective study was approved by the Research Ethics Com-
mittee of Bagiyatallah University of Medical Sciences, Tehran, Iran (IR.
BMSU.REC.1398.318). The informed consent of patients was
obtained to use their medical information. The methods were carried
out following the relevant guidelines and regulations.

The medical records of 556 patients with a confirmed PC diagno-
sis referred to two medical centers in Teheran from the beginning of
September 2007 to September 2020 for cancer treatment (tumor
removal or chemotherapy) were investigated. The inclusion criteria
were definitive diagnosis of PC and patients with available records.
Exclusion criteria were the lack of access to files and incomplete infor-
mation, patients with concurrent cancers, and patients with a follow-
up period of fewer than 6 months. The patients with PC were diag-
nosed by a gastroenterologist and an oncologist based on endoscopic
ultrasound and pathological findings. All researches during this study
were according to the principles of the Helsinki Declaration.

The demographic information of patients (age, gender, family his-
tory of cancer, body mass index [BMI], alcohol consumption, and

smoking) and the laboratory and clinical information (platelet counts,

history of blood transfusion, time of diagnosis, time of death, type of
treatment received, and patient death or survival) were extracted by
referring to the patients' medical records in the cancer registration
system in the hospital archives. All information was completed and
collected by a researcher using a checklist by reading the cancer regis-
tration system file. Tumor characteristics, including tumor differentia-
tion, stage, size, number of involved nodes, and presence of
metastasis, were extracted from pathological and histological reports
of patients.

From the Tumor-Node-Metastasis index (TNM), the tumor size
(<2.5 cm >2.5 cm), number of the lymph nodes involved (<2 vs. >2),
and metastasis (positive/negative) to other organs were used to clas-
sify the disease severity and estimate patient survival.> The LNR was
calculated by dividing the total number of lymph nodes harboring
metastasis by the total number of nodes. Patients were then divided
into four groups based on their LNRs. Patients with N1 disease in the
node-negative group (NO, LNR: 0) were subclassified into three
groups using the cutoff values of 0.2 and 0.4) <0.2, 0.2-0.4, and >0.4).
The mortality rate of patients was considered the main outcome of
the study. The survival rate was defined as the time interval between
the first definitive diagnosis of PC and death.

2.1 | Statistical analysis

The collected data was analyzed with the help of SPSS 22 (IBM Inc.,
Chicago, IL). The Kaplan-Meier with log-rank test was used to com-
pare the distribution of the baseline variables, including demographic
data (gender, age, and family history), clinical parameters, and tumor
characteristics (platelet level, blood sugar, underlying diseases,
tumor size, number of lymph nodes involved, metastasis, and the type
of treatment received) and plot the survival curve after diagnosis. The
survival rate was reported by the Kaplan-Meier curve based on differ-
ent variables. The Cox regression univariate analysis with p < .10 was
used to evaluate the effect of variables on patients' survival. Variables
with p < .10 in the log-rank test were entered into the Cox multivari-
ate analysis with the backward selection method. The Cox propor-
tional hazard model was used for multivariate analysis. Hazard ratios
(HRs) and 95% confidence intervals (Cls) were calculated. A p-value of

less than .05 was considered statistically significant.

3 | RESULTS

3.1 | Demographic and clinical data

In total, the records of 556 patients were reviewed. Of this,
306 (55%) patients with PC were male, and 45% were female. The
patients' age ranged from 32 to 81 years with a mean age of
61.6 + 30.3 years. The mean BMI of patients was 20.16 + 5.4 kg/m?,
338 (60.7%) patients had underlying diseases (diabetes, hypertension,
and hyperlipidemia), and 216 patients (38.8%) had a history of receiv-
ing more than two units of blood. The mean platelet count was
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TABLE 1 Distribution of demographic, laboratory, pathological 146.6 +32.5, 224 (40.3%) patients had poor tumor differentiation,
and tumor characteristics 254 patients (45.7%) had stage 2 tumors, and 384 (69.1%) had a
Variables Frequency (%) tumor larger than 2.5 cm. The tumor had metastasized to distant

Demographic data organs in 188 (33.8%) patients, and more than two nodes were

Age (mean + SD) 61.6 + 30.3 involved in 372 (66.9%) cases. The most common treatment methods

were surgical treatment and adjuvant therapy with surgery and che-

feXMaIe 306 (55%) motherapy. Table 1 summarizes the distribution of demographic, labo-
ratory, and pathological variables and tumor characteristics.

e Female 250 (45%)

Mean follow-up (months) 12.7 £11.3

Median survival (months) 124 £ 6.6 3.2 I Survival

BMI (kg/m?) 20.16 + 5.4

Family history(positive) 11 (3.9%) The average follow-up time was 12.7 = 11.3 months, and the overall

Alcohol consumption (positive) 104 (18.7%) median survival time of patients was 12.4 + 6.6 months. The one-year

Comorbidity (positive) 338 (60.7%) survival rate of patients with PC was estimated at 56.6%. The 3- and

Smoker(history) 92 (16.5%) 5-year survival rates of patients were 17.6 and 4.3%, respectively
Laboratory data (Figure 1).

Hemoglobin (g/dl) 1352 £ 5.6 The median survival of patients aged over and less than 60 years

Platelet count x 10° (g/dl) 146.6 + 32.5 was, respectively, estimated at 10.5 and 16.1 months, statistically

significant (Log-rank Test chi2 = 5.03, p = .024; Figure 2: curve A).
The median survival of patients with BMI <18 kg/m? (7.5 months)

Blood transfusions

e <2 units 202 (36.3%) o : !
2 uni 216 (38.8%) was significantly lower than those with a BMI of 18-25 kg/m* (Log-
> t . QO
one rank Test chi® = 25.37, p = .001; Figure 2: curve B). The median sur-
e None 138 (24.9%)

vival period was 8.9, 15.4, and 29.4 months for patients with poor,

Differentiation moderate, and well tumor differentiation, respectively. The median

¢ Poor 224 (40.3%) survival period of patients with poor tumor differentiation was sig-

* Moderate 286 (51.4%) nificantly shorter than those with moderate and well-differentiated

o Well 56 (8.3%) tumors (Log-rank Test chi? = 29.54, p = .001; Figure 2: curve C;
Tumor characters Table 2).

Tumor stage

o | 54 (9.7%)
T 254 (45.7%)
o il 194 (34.9%) Survival Function o
o IV 54(9.7%) 107 Rt —Censore
Tumor size (cm) L
o <25 172 (30.9%) . ll
e >25 384 (69.1%)
Metastasis presence LiLL
« Negative 306 (55%) g 051 1 Year survvl
* Positive 188 (33.8%) 3 0
e Aknown 62 (11.2%) E LLLLL
o 04 1
Number of involved lymph node ﬁ“L
o <2 184 (33.1%)
* >2 372 (66.9%) 02 ;Et:aﬁ:summ
Treatment type sﬁ-‘\"&‘
e Surgery 196 (35.3%) i fm\ee:?&‘ﬁ#h
o Chemotherapy 126 (22.7%) T T T T
« Radiotherapy 38 (6.8%) 0 ” - =
e Surgery and chemotherapy 140 (25.2%) Apesic, (Month)
¢ Unknown 56 (10%) FIGURE 1 Kaplan-Meier curve, survival rate
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The median survival period was significantly longer for patients
with stage | tumor (Log-rank Test chi? = 68.64, p = .001; Figure 3:
curve A). The median survival period of patients with a tumor size of
less than or equal to 2.5 cm was significantly longer than those with a
larger tumor size (Log-rank Test chi?® = 52.89, p = .001; Figure 3:
curve B).

The median survival period was significantly shorter for patients
with metastases to other organs (Log-rank Test chi? = 67.5, p = .001;
Figure 3: curve C). The median survival time (10.1 months) was signifi-
cantly shorter for patients with more than two involved nodes than
those with less involved nodes (23.3 months;
chi? = 96.5, p = .001; Figure 3: curve D).

The median survival times for patients with LNRs of 0, <0.2, 0.2-
0.4, and >0.4 were, respectively, 33.5, 18.6, 8.8, and 4.2, which were
significantly different (Log-rank Test chi® = 48.6, p = .001; Figure 4:
curve A). Finally, the survival rate was analyzed based on the treat-

Log-rank Test

ments received by patients. The highest median survival rate was
observed for those who underwent surgery and chemotherapy
(17.3 months) simultaneously (Log-rank Test chi? = 88.65, p = .022;
Figure 4: curve B, Table 2).

No significant difference was found between the patients' median
survival period in terms of gender, family history of PC, alcohol use,
blood transfusion, and platelet count (Table 2).

3.3 | Univariate Cox regression

The univariate Cox regression analysis was used to determine the
predictors of survival in patients with PC. According to the univari-
ate Cox regression analysis results, age, BMI (kg/m?), platelet count,
blood transfusions, tumor differentiation, tumor stage, tumor size,
number of involved lymph nodes, LNR, and treatment method were
significantly correlated with the survival of PC patients (p < .05;
Table 3).

T
12

3
12 Tme (Month)
Time (Month)

Five-year survival rate (Kaplan-Meier) of patients with pancreatic cancer based on the age, BMI and histology characteristics of

3.4 | Multivariate Cox regression

All variables significantly related to patients' survival rate in the uni-
variate Cox regression analysis were analyzed by multivariate Cox
The that
age 260 years, BMI <18 (kg/m?), poor tumor differentiation, tumor

regression. multivariate  analysis results showed
size >2.5, metastasis, more than two involved lymph nodes, and LNR
>0.2 were significantly correlated with reduced survival of patients. In
contrast, tumor stage | and adjuvant therapy (surgery plus chemother-
apy) were significantly associated with increased survival of patients

(p < .05; Table 4).

4 | DISCUSSION
Unlike most studies in which epidemiology, risk factors, and compari-
son of treatment methods for PC®'718 have been considered, this
study investigated the survival rate and predictors of survival among
PC patients based on clinical characteristics and treatment methods.
According to the Cox regression results in this study, age, BMI, tumor
differentiation, tumor size, metastasis, number of involved lymph
nodes, tumor stage, LNR, and the treatment type are related to the
survival rate of PC patients. Adjuvant therapy was associated with
increased patient survival. The 1-, 3-, and 5-year survival rates of PC
patients were estimated to be 56.6, 17.6, and 4.3%, respectively, con-
sistent with those reported in the literature.'%2°

PC characteristics in Iran mirror the western countries so that
males get affected more than females.?*?? Similar to previous studies,
our results also showed that males (55%) are more affected than
females (45%). The literature reports the higher mortality rate of
males than females.?®?* However, no significant difference was found
in patients' median survival period based on gender. The observed
inconsistency could be attributed to the longer period in our study

(13 years) compared to other Iranian studies such as Pourhoseingholi
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TABLE 2 Predictors of 5-year survival rate using the method Kaplan-Meier and log-rank test

Variable Median survival (month) Log-rank Test p-Value

Age (year) e <60 16.1+2.6 5.033 0.024
e 260 105+1.4

Sex e male 13.7 +1.38 0.52 0.44
o female 14.8 £ 1.83

BMI (kg/m?) e <18 7.5+278 25.37 0.001
e 18-25 147 +1.3
e 25> 19.4 +£0.89

Family history o Negative 14.5 £ 1.89 1.25 0.78
e Positive 13.8 £ 2.1
e Unknown 14.3 £ 2.65

Blood transfusions e <2 units 143 +1.92 1.65 0.16
e >2units 13.1+£29
e None 149 +£1.2

Platelet count x 10° (g/dl) e <150 13.2+2.6 2.84 0.11
e >150 148 2.1

Differentiation e Poor 8.9 +2.88 29.54 0.001
e Moderate 154 +£21
o Well 22 +0.56

Tumor stage o | 31.2+ 357 68.64 0.001
o |l 19.1 £ 1.35
o I 64 +245
o IV 3.2+0.87

Tumor size (cm) e <25 24.4 + 3.56 52.89 0.001
e >25 9.9+278

Metastasis presence e Negative 19.6 + 3.25 67.5 0.001
e Positive 7.6 +1.02
e Aknown 11.8+1.31

Number of involved lymph node e <2 23.3 96.5 0.001
o >2 101

LNR e 0 335+42 48.6 0.001
e <02 18.6 + 3.2
e 0.2-04 88+21
e >04 42+1.2

Treatment type e Surgery 151 +£3.14 88.65 0.022
e Chemotherapy 12.7 £ 1.56
e Radiotherapy 49 +0.78
e Surgery and chemotherapy 17.3 + 3.68
e Unknown 13.4 £ 1.56

Abbreviation: LNR, lymph node ratio.

et al (9 years) and Salehi et al (4 years).?>?* Moreover, this mismatch
can root in the smaller volume of our sample than that in Pou-
rhoseingholi et al and Salehi et al. It has been observed that the inci-
dence of PC in Iranians peaks in the eighth decade of life.?%23

The literature indicates an increase in the incidence and mortal-

ity of PC in different parts of Iran.24-2¢ Smoking, aging, and lifestyle

changes are the most critical risk factors for PC in Iran. The novelty
of this study was to define prognostic factors of survival among PC
patients based on tumor characteristics and the type of treatment
received. Our findings revealed that age 260 years, poor tumor dif-
ferentiation, tumor size >2.5 cm, the presence of metastasis, the

number of involved lymph nodes >2, LNR <0.2, and adjuvant therapy
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TABLE 3 Univariate analysis to

identify variables associated with overall Variable FR 7% LA
survival Age; 260 vs. < 60 1.308 1.026_1.66 0.03
Sex; male vs. female 1.09 0.86_1.39 0.468
BMI (kg/m?)
e 18-25 Reference
e <18 1.96 1.19_2.72 0.001
o 25> 0.81 0.59_1.04 0.075
Family history; Positive vs. negative 1.05 0.86_1.38 0.66
Blood transfusions; >2 vs. <2 units 1.09 1.01_1.22 0.048
Platelet count; >150 vs. <150 x 103 (g/dl) 0.89 0.78_0.99 0.038
Differentiation
e Poor Reference
e Moderate 0.51 0.23.0.78 0.001
o Well 0.21 0.11_0.32 0.001

Tumor stage

o | Reference

o |l 1.64 1.23_2.06 0.001

o Il 4.84 3.34_6.35 0.001

o IV 8.64 6.22_10.87 0.001
Tumor size; >2.5 vs. <2.5 (cm) 493 3.49_6.98 0.001
Metastasis; presence vs. absence 2.12 1.65_2.74 0.001
Number of involved lymph node; >2 vs. <2 1.72 1.51_1.96 0.012
LNR

e 0 Reference

o <0.2 1.8 1.54_2.01 0.001

e 0.2-04 3.8 2.34 5.27 0.023

o >04 7.9 5.34_1.047 0.038
Treatment type

e Surgery Reference

e Chemotherapy 1.2 1.01_1.42 0.032

¢ Radiotherapy 3.5 224 4.75 0.001

e Surgery and chemotherapy 0.86 0.75_0.97 0.024

Abbreviation: LNR, lymph node ratio.

TABLE 4 Independent variables

predictive of survival by multivariate Variable HR 5%l p Value

analysis Age; 260 vs. <60 1.25 1.03-1.49 0.031
BMI; <18 or >25 vs. 18-25 (kg/m?) 1.56 1.13-2.14 0.011
Differentiation; Poor vs. moderate/well 2.12 1.75-2.49 0.001
Tumor stage; | vs. lI/11I/IV 0.38 0.27-0.49 0.001
Tumor size;>2.5 vs. <2.5 (cm) 4.61 3.30-6.78 0.001
Metastasis; presence vs. absence 1.97 1.49-2.60 0.001
Number of involved lymph node; >2 vs. <2 1.52 1.31-1.77 0.001
LNR; <0.2 vs. 0.2-0.4/>0.4 0.56 0.36-0.77 0.013
Treatment; adjuvant therapy with surgery plus 0.44 0.28-0.61 0.001

chemotherapy vs. other approaches

Abbreviations: Cl, confidence interval; HR, hazards ratio; LNR, lymph node ratio.
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were the most important prognostic factors of survival in patients
with PC.

llic et al reported a 5-year survival rate of 2-9% for PC patients in
different countries, consistent with our study.16 Kimura et al mea-
sured the survival rate of 147 patients with PC after pancreatectomy
and found 3- and 5-year survival rates of 18.4 and 12.2%, respec-
tively.1? However, the 5-year survival rate of patients in their study
was higher than that in this study, presumably, due to their inclusion
criteria, which were limited to only those who underwent
pancreatectomy.

According to our results, age 260 years and 25 < BMI < 18 kg/m?
were significantly associated with decreased patient survival, consis-
tent with Prashanth et al.?° In another study, Johnston et al found a
significantly higher survival rate in younger patients.?” Their study
demonstrated that patients were 13% more likely to die for each
increasing decade of age due to the aggravation of other tumor fea-
tures. Donghui Li et al observed a decrease in the survival rate of
patients with a BMI more or less than normal,*®-2° which can be due
to other underlying metabolic diseases in obese patients or weakness,
anorexia, and poor health status in low-weight patients.?® Therefore,
BMI can be considered a risk factor for the reduced survival rate of
PC patients. In general, few studies have been conducted on the cor-
relation between BMI and PC survival rate.

Furthermore, Cox multivariate analysis results showed that tumor
size >2.5 cm, metastasis, more than two involved lymph nodes, and
higher tumor stage were significantly correlated with the reduced sur-
vival rate of PC patients. These findings are consistent with those
reported in the literature.*?2”?? Based on our results, the median sur-
vival period was significantly longer in patients with tumor size >2.5
than those with tumor size <2.5 (9.9 vs. 24.4 months). Johnston et al
found significantly lower survival rates in patients with tumor size
larger than 2 cm,?’ consistent with our results. In another study,
Fortner et al found a significantly higher 5-year survival rate in
patients with tumor size <2.5 cm than those with tumor size >2.5 cm
(33 vs. 12%),%° consistent with our results. Kimura et al evaluated the
survival rate and clinical and pathological characteristics of 147 PC
patients in a retrospective study from 1988 to 2012.1? According to
their results, the average survival rate was estimated to be
14.4 months. They also showed that the presence of metastasis was
significantly associated with a reduced patient survival rate. The
patient's survival in the advanced stages of the disease was also less
than that in the early stages.?® These results were consistent with our
results, which reported a significantly shorter median survival period
for patients with metastasis (7.6 months) than those without metasta-
sis. In another study, Waraya et al introduced metastasis as a predic-
tor of the reduced survival rate of PC patients.3!

The multivariate Cox analysis implied that more than two
involved lymph nodes were associated with a decreased survival rate
of PC patients. Similar to the results of our study, Johnston et al,?”
Waraya et al,* and Pawlik et al®*? reported more than two involved
lymph nodes as a risk factor of decreased survival in PC patients. In
agreement with our results, they also found a lower survival rate of

patients in the advanced stages of the disease than in the early stages.

The multivariate Cox analysis results showed that adjuvant ther-
apy (surgery plus chemotherapy), contrary to other treatments, was
significantly associated with an increase in the survival rate (HR: 0.44)
so that the median survival period in patients who simultaneously
underwent surgery and chemotherapy (17.3 months) was significantly
longer than other treatments. The median survival period was also sig-
nificantly longer in patients treated with surgery alone (15.1 months)
than those treated with chemotherapy (12.7 months) or radiotherapy

1,33 surgery (HR: 0.4) versus

(4.9 months). According to Mohamad et a
chemotherapy (HR: 0.53) and radiotherapy (HR: 0.66) were signifi-
cantly associated with an increased survival rate of PC patients, con-
sistent with our results. Unlike our study, they did not consider the

|27

role of combined therapy in their study. Johnston et al“” and Waraya

et al®?

showed that adjuvant therapy was significantly associated with
increased survival of PC patients.

According to the results, the median survival period for patients
with poor tumor differentiation was significantly shorter than those
with moderate differentiation (8.9 vs. 15.4 months), consistent with
those reported in the literature.3*®* Consistent with our study,
Waraya et al®! reported a significantly shorter median survival period
for patients with poor tumor differentiation (11.4 months) than those
with moderate tumor differentiation (21.1 months). According to the
Cox multivariate analysis results, LNR >0.2 was significantly associ-
ated with the survival rate (HR: 0.56). The median survival period for
patients with LNR >0.2 (8.8 months) was significantly shorter than
those with LNR <0.2 (18.6 months).

Pawlik et al. evaluated the role of LNR in the survival of PC
patients®? and estimated a median survival period of 21.7 and
15.3 months, respectively, for patients with LNR <0.2 and LNR >0.2,
confirming our results. In general, limited studies on LNR and PC
necessitate further investigations.

41 | Strengths and limitations

Our study had weaknesses that should be noted. The most important
weakness was the retrospective design and the use of patient records,
which may be lost due to the lack of access to some fundamental data
such as serum CA19-9 levels in determining the prognostic factors of
PC. Another limitation was the short follow-up period due to the dis-
ease fatality or the late diagnosis of PC patients. The sample volume
of 556 patients is not very large, and further studies with bigger sam-
ple sizes are needed to confidently generalize the results of this study.
The main strength of our research was the multi-center study design

and the lack of missing data.

5 | CONCLUSION

The results showed that aging, abnormal BMI, poor tumor differentia-
tion, larger tumor size, metastasis, more involved lymph nodes, and
higher LNR were the most important risk factors for the survival of

PC patients. At the same time, combination therapy with surgery plus
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chemotherapy was significantly associated with an increased survival
rate of PC patients. These results are essential in estimating the sur-
vival rate of PC patients and choosing the best treatment protocol for

such patients.
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