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ABSTRACT Objective: Survival analyses are used in cancer
research in the selection of treatment methods that may be effec-
tive in survival time and in investigating prognostic factors. In the
literature, Cox regression analysis was performed without inves-
tigating whether the assumptions were met in survival analysis.
The aim of this study is; to give information about the features of
Cox mixed cure models and to show its application for breast
cancer patients. Material and Methods: In our study, it was ob-
served that breast cancer data did not provide the proportional
hazard assumption. In addition, since the survival curve has a
flattened tail after 72 months, this study was analyzed with a
mixed cure model. In the model, cured and uncured patients are
modeled separately. Results: In our study, the median survival
time of the patients was found to be 72 months (95% confidence
interval; 51.88-92.12). Progesterone receptor, estrogen receptor,
c-erbB-2, age and lymph node were found to be a significant risk
factor for the survival of breast cancer patients in cured and un-
cured part (for all of them p<0.05). Conclusion: Nowadays, can-
cer patients are more likely to recover. For this reason, we think
that it would be appropriate to evaluate the survival analyses of
cured and uncured cancer patients separately with a mixed cure
model instead of Cox regression analysis in modeling the survival
analysis of cancer patients.

Keywords: Mixed cure model; breast cancer;
estrogen receptor; progesterone receptor

OZET Amac: Kanser arastirmalarinda, sagkalim siiresinde etkili
olabilecek tedavi yontemlerinin se¢iminde ve prognostik faktorlerin
bulunmasinda, sagkalim analizleri kullanilmaktadir. Literatiirde,
sagkalim analizlerinde varsayimlarin saglanip saglanmadigi arasti-
rilmadan, Cox regresyon analizinin yapildigi goriilmektedir. Bu
calismanin amaci; Cox karma iyilesme modellerinin 6zellikleri
hakkinda bilgi vermek ve meme kanserli hastalar i¢in uygulamasini
gostermektir. Gere¢ ve Yontemler: Calismamizda, meme kanseri
verilerinin orantili hazard varsayimini saglamadigi gortilmdistiir.
Ayrica yagam siiresi egrisi, 72. aydan sonra diizlesmis bir kuyruga
sahip oldugundan bu ¢aligmada, karma iyilesme modeli ile analiz
yapilmistir. Modelde, hastalarm iyilesmis ve iyilesmemis olanlari
ayr1 ayr1 modellenmektedir. Bulgular: Calismamizda, meme kanse-
ri hastalarinin iyilesmis ve iyilesmemis olanlar1 ayr1 ayr1 modelle-
nerek hastalarin medyan sagkalim siiresi 72 ay (%95 giiven araligi;
51,88-92,12) olarak bulunmustur. Progesteron reseptorii, Ostrojen
reseptorii, c-erbB-2, yas ve lenf nodunun iyilesen ve iyilesmeyen
bolimlerinde de meme kanseri hastalarinin sagkalimi {izerinde an-
lamli bir risk faktorii oldugu goriildii (hepsi igin p<0,05). Sonug:
Giin gegtikce kanser hastalarmm iyilesme olasiliklart artmaktadir.
Bu sebeple kanser hastalarinin sagkalim analizlerinin modellenme-
sinde, Cox regresyon analizi yerine karma iyilesme modellerinin
ayr1 ayr1 degerlendirilmesinin uygun olacagini diisiinmekteyiz.

Anahtar kelimeler: Karma iyilesme modeli; meme kanseri;
Ostrojen reseptorii; progesteron reseptorii

According to the data of the World Health Organization, the risk of getting cancer and the risk of pa-
tients dying from cancer is increasing day by day. Therefore, there is a great interest in studies on cancer and
new methods are being developed every day. Breast cancer is a heterogeneous disease. Different continents,
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counties, ethnicities, and individuals may have different cancer risks, stages, and survival probailities prog-
nostic factors are the most important issues for cancer patients. These factors have an important impact on
the treatment and management strategy. The term prognosis may refer to two different things: one on the re-
currence of the disease, and another on the death of the patient. As a result, survival analysis on breast cancer
can also be classified by the analysis of the treatment-to-reccurence time or treatment-to-death time. Survival
analyses are used to examine the natural course of the disease in cancer research or to select the treatment
methods that can be most effective on the patient's survival. Recently, special combined treatment methods
have been used for cancer patients. The clinician must make the right decision when applying these personal-
ized treatment methods. It is very important to obtain risk analyses of the patient's death risk or recurrence
risk before starting personalized treatment methods. These analyses can be used as a tool to help the clinician
make the right decision. Therefore, in order to determine the risk analysis, it is necessary to create the right
models first.*

Studies on survival methods are constantly being updated. However, when the literature is examined, it
is seen that the analyses for many cancer types are performed directly by Cox analysis methods without ex-
amining the distribution of survival rate, duration and characteristics of the patients. Cox regression analysis
is the most widely used method for determining risk factors affecting survival time. But in Cox regression
model, the proportional hazards assumption must be provided. The main assumption of the Cox regression
method is that patients will definitely encounter the event of interest (death, metastasis or recurrence) from
the study result. However, this condition cannot be provided in some situations. With the help of the current
technologies, treatment conditions and the knowledge of clinicians, there have been many developments in
the field of medicine. Considering today with past, with the improving technologies, knowledge and experi-
ences with most of the cancer associated deaths became preventable and be delayed. Therefore, presence of
many individuals who did not experience the event in recent years (death, recurrence, etc.) on cancer studies
may be mentioned. However, here, the term recovery is not the clinical improvement of the patient, but the
survival of the patient after being followed for a long period of time. The Cox regression analysis is based on
the assumption that there has to be higher numbers of individuals who experienced the studied incidence, so
the use of this model in cases with high numbers of patients may cause misleading results. The cure models
are used as an alternative method in this case.

In conclusion, it is very important to select the appropriate method by examining the survival distribu-
tion of the data. In order to obtain unbiased results, appropriate survival methods should be selected depend-
ing on the characteristics of the data. The aim of this study is to analyze the data of breast cancer patients
with a mixed cure model.

COX MIXED CURE MODEL (PROPORTIONAL HAZARDS MIXED CURE MODEL)

The developments in cancer therapies resulted with the development of cure models among the statistical re-
search. The analysis of the most of the survival data is based on the overall survival or progression-free sur-
vival. However, most patients may not have experienced the investigated event in the long term. Therefore,
the cure model is a method that may be used for investigating the heterogeneity between the cured and un-
cured patients in the long term. A simple way of identifying whether a specific data set will have a subset of
survivors in the long term is to examine the survival curve. The cure model may be an appropriate and useful
way to analyse the data if the survival curve has a stability after a specific point at the end of the study. Cure
in the clinical sense, is the complete disappearance of the disease, and the symptoms. However, cure in sta-

tistical sense is enabled with the equivalency of the mortality rate to the expected mortality rate.*%:

Cure models generate the survival modellings considering the probability of cure when there are indi-
viduals who will not encounter the resultant incident in the data set. The mixed cure model was first recom-
mended by Boag and Gage. Both the cure ratio of the individuals from disease, and the survival ratio of pa-
tients who did not cured could be estimated simultaneously in the model they developed 21
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In the model, T is the failure time of the event, x and z were the observed covariants, 1-n(z) was the
possibility of the cured patients associated to z, and S(t|x) is the possibility of the uncured patients associated
to X, and the complex cured ratio is expressed as follows.*2

Spop(tlx, z) = m(2)S(t|x) + 1 —n(z) @

If the proportional hazard model is used in S(tjx) estimation, the mixed cure model is described as the
proportional hazards mixed model, and, if the accelerated failure model is used in S(tjx) estimation, the
model is described as the accelerated failure mixed cure model.

The advantage of the mixed cure model is that it enables the separate modelling of the cure distributions

of both the cured and uncured individuals. Generally using the logit function, the effects of the z covariates
is modelled with

_ exp (bz)
T[(Z) - 1+exp (bz) (2)

The b in the formula is a vector of unknown parameters.*?

The effects of z covariates is modelled with log(-log(1-n(z)))=bz by using log-log. When probit func-
tion is used, it is modelled as ®~1(m(z)) = bz. The terms ®(.) is the cumulative probability function of the
standard normal distribution.

0 = (t;,6;,z;, x;) equivalence is the observation data of ith individual; t;expresses the observed sur-
vival time, §;=1 is the absence of censor, §; = 0 is the presence of censor, and, z;, x;describe the covariates.
When 0 (b, 8, Sy (t)are identified as the unknown parameters, the parameter values in the model is estimated
with the help of EM algorithm. Y=1 describing the condition when the result occurred, Y=0 describing the
condition when the result did not occur, the complete probability function is expressed as follows:2

1 =) Vin(z) h(gG]Y = 1,x)0%iS(]Y = 1, x;) (3)

h(.), is the hazard function corresponding to S(.). The complete probability function logarithm may be
written as: 1.(b, 8;0,¥) = I.,(b; 0,y) + I,(B; 0, y). Here it is described as:*2

Ie1(b; 0,y)=Yi, yilog [m(z)] + (1 — y)log [1 — m(z)]
I2(B; 0, y)=X01 yidilog [ h(t;|Y = 1,x;)] + yilog [S(;]Y = 1,x;)] 4)

The conditioned expected value of the complete probability is calculated according toy;s in the E step
of the EM algorithm. @™ = (b, pm) g (™) (¢))being the present estimation, the expected value
of E(y;]0,6™) is described as,

m(z)S(t;lY=1,x;)

(m) _ . mH=g5. — 5
w - E(Yllar ) ) 51 + (1 61) 1-n(z)+1(z)S(E Y =1x7) |(0,9(m)) (5)

i
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If §;=1, wi(m) =1 and(Si:Owi(m) will be the ratio of the uncured patients.’>*2 The second part

of E(y;]0,0(™), i. is the conditioned probability of the patient being uncured. Because 5ilogwi(m): 0
ands;w™ is = &, is defined as:*2

Eler) = ) w™log[m(z)] + (1 = w{™)log [1 - m(z)]

=1

E(l;;) = ¥, 8ilog [w™R(t,|Y = 1,x)] + w™log [S(t;|Y = 1,x,)] 6)

The maximization of the unknown parameters is performed on M algorithm.

I MATERIAL AND METHODS

Breast cancer data: In this study, 170 breast cancer patients from the Medical Oncology Clinic of Anta-
kya State Hospital were collected. The death from the disease was defined as an end point. The study was
approved by the Ethics Committee of Mustafa Kemal University Medical Faculty (2018/90) (decision
number: 02; date: 24.05.2018). The following information is available on these patients: estrogen receptor
(ER) status, progesterone receptor (PR) status, human epidermal growth factor receptor 2 (HER2) status
(HER2 positive is also calledc-erbB-2-positive), age at the time of diagnosis, number of lymph nodes, tumor
size, grade, status of receiving neoadjuvant chemotherapy and presence of metastasis.

We used data from breast cancer patients. Breast cancer is a complex disorder with heterogeneity, the
mechanisms that cause this disease are not fully explained to date. Because of this heterogeneity, the natu-
ral course of breast cancer varies among patients. With advancing technology and treatment options, sig-
nificant improvements have been made in the survival rates and recovery rates of breast cancer patients. In
this case, the data analysis of breast cancer patients should be different from the classical analysis of life
we know.

In the study, ER, PR, c-erbB-2 and age variables (50 years and over) were taken as risk factors that may
affect the life span.

The Cox regression model used in classical life analysis has the assumption that every patient in the will
experience the event of interest but this assumption is not always true because in some types of cancer, for
example breast cancer, many cancer patients recover after treatment. In this case, the Cox regression model
is not preferred since the survival of many patients followed up at the end of the study is unknown. In such
cases, it is more appropriate to use the mixed cure model. So we use mixed cure model to breast cancer data.
In the analysis, SPSS (version 21.0) and R (version 3.3) programs were used. Nominal alpha value is taken
as 0.05.

In the cure model, for the cured part, coefficients of variation and levels can be used in order to obtain
the cured rates. When calculating the ratio of the cured part, the link function used in the parameter estima-
tion is taken into consideration and the calculations are made with a probit function. The survival curve of
the patients was obtained by the Kaplan-Meier method.

I RESULTS

The censoring rate was observed in 73.5% (125 people). The survival time was taken as months until the
death of the patients. The median duration of follow-up is 72 months. The median survival time of the pa-
tients was found to be 72 months (95% confidence interval; 51.88-92.12). As can be seen from Figure 1, it
was determined that the survival times of the patients were constant after a certain period of time. In this
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case, it shows that not all patients encountered the event of interest, and some patients recovered. In addition,
again, as expressed in the graph, while significant failures were observed in the first 72 months, there was no
significant change in survival rates after the 72" month. According to these findings, it can be stated that pa-
tients have a high probability of long-term survival.
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FIGURE 1: Kaplan-Meier curve.

Whether the proportional hazard assumption was met was investigated using the correlation test be-
tween the Schoenfeld residues and the rank of lifetimes. Our null hypothesis for test statistics is Hq: “propor-
tional hazard assumption is satisfied". We concluded that the proportional hazard assumption was not pro-
vided for prognostic factors (p=0.007). Therefore, the proportional hazard assumption could not be provided
for cancer patients data. The analysis of these data was done by cure mixed model analysis because both the
proportional hazard assumption could not be satisfied and the survival rates remained constant after a certain
period of time.

The results obtained as a result of applying the mixed cure model to the data set are shown in Table 1.
In the cure model, the cured part and the uncured part are modeled separately. This feature of mixed models
allows the effect of explanatory variables on the cured and uncured patients to be different When the p val-
ues for explanatory variables were examined, it was seen that PR, ER and c-erbB-2 were a significant risk
factor on the survival of breast cancer patients (p=0.022; p=0.007; p<0.001). Also age and lymph node had a
significant effect on survival rate of breast cancer patients in the cured part. For uncured part, it was ssen that
PR, ER and c-erbB-2, age and lymph node had a significant effect on survival rate of breast cancer patients
(respectively p=0.038, p=0.009, p=0.028, p=0.007, p=0.004). According to the results obtained from the
mixed cure model analysis, the risk of failure of the PR negative patient is 1.7 times higher than the positive
patient and ER negative patient is 2 times higher than the positive patient.
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TABLE 1: Cure model results.

Proportional hazards mixed cure model for the cured part B Standard error p value
ER 0.68 0.22 0.007
PR 0.29 0.23 0.022
c-erbB-2 -0.91 0.24 p<0.001
Age 0.28 0.17 0.001
Lymph node 0.21 0.18 0.038
Grade -0.98 0.76 0.125
Tumor size 0.02 0.01 0.062
Adjuvant 0.89 0.29 0.439
Proportional hazards mixed cure model for the uncured part B Standard error p value
ER 1.37 0.66 0.038
PR 1.43 0.54 0.009
c-erbB-2 -1.79 0.81 0.028
Age 0.04 0.01 0.007
Lymph node 0.12 0.04 0.004
Grade 0.75 0.40 0.064
Tumor size 0.04 0.01 0.092
Adjuvant 0.63 0.53 0.255

ER: Estrogen receptor; PR: Progesterone receptor.

By using variable coefficients and levels for the cured part, the desired cured rates can be obtained.
While calculating the ratio of the cured part, the link function used in the parameter estimation is taken into
consideration and calculations are made accordingly. According to these calculations, the recovery rate of
breast cancer patients when younger than 50 years old, when hormone receptors (ER and PR) are negative
and c-erbB-2 positive, is 60%; it has been observed that the recovery rate of breast cancer patients older than
50 years of age, who are hormone receptor (ER and PR) negative and c-erbB-2 positive, has decreased to
40%.

I DISCUSSION

In this study, we suggested the use of a mixed cure model when the proportional hazard assumption is not
satisfied in breast cancer patient data and the survival curve is stable after a certain period of time. When the
literature is examined, when the survival times of the patients are constant after a certain period of time,
many studies recommend cure model analysis in survival analysis.**** Similarly, Rama et al. explained in a
cancer data application that when proportional hazard assumptions are not satisfied, as in our study, the use

of mixed models would be appropriate.*®

I CONCLUSION

The major advantage of mixed cure models is that, they can be modeled separately for the cured and uncured
part, thereby allowing the interpretation of the effects of the explanatory variables on the cured and uncured
patients separately. Nowadays, cancer patients are more likely to recover. For this reason, we think that it
would be appropriate to evaluate the survival analysis of cured and uncured cancer patients separately with
the mixed cure model.
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