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Time (RMST) as a viable alternative to conventional survival
analysis techniques, including the Kaplan-Meier test and Cox
Proportional Hazards model, especially when the proportional
hazards assumption is not met. RMST offers an alternative
approach to using hazard ratios in such situations. This study
aimed to evaluate the impact of predictive factors on breast cancer
survival. The Restricted Mean Survival Time (RMST) offers a
clinically interpretable measure of average survival time within a
defined period, providing a more detailed understanding of
treatment effects and patient outcomes. Additionally, the study
utilised the Cumulative Incidence Function (CIF) model and
probability estimates for each time point to further analyse survival
data.

Using data from 4,420 breast cancer patients at Rizgary
Hospital, this research gquantifies the impact of various prognostic
factors on survival outcomes. The study demonstrates that RMST
effectively captures differences in survival probabilities across
treatment groups, with patients undergoing surgery or receiving
radiotherapy showing significantly higher survival rates than those
who did not. Additionally, the analysis reveals that factors such as
family history and tumour grade significantly influence survival
outcomes, highlighting the heterogeneity of breast cancer.
Statistical comparisons using RMST, alongside traditional tests
like the Log-rank and Gehan-Wilcoxon tests, confirm significant
differences in survival curves, particularly in early-stage survival,
emphasising the importance of timely interventions.

1. Introduction:

Survival times represent time-to-event outcomes that analyse the occurrence of specific events
within defined temporal parameters. Consequently, the restricted mean survival time (RMST)
methodology not only yields survival duration but also estimates the average life expectancy or
treatment duration for specific patient subgroups.[14]

Breast cancer is one of the most common types of cancer affecting women worldwide, though it can
also occur in men. The disease occurs when breast cells grow uncontrollably, forming a tumour that can
often be detected through imaging or physical examination. The Restricted Mean Survival Time
(RMST) approach has gained attention for its ability to provide meaningful estimates of patient survival
while accounting for censored data.[12][13]

RMST calculates the average time until an event occurs, for a predefined time horizon, and can be
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particularly useful when analysing therapies that can prolong survival without necessarily altering the
risk of death.

In clinical practice, the RMST approach allows health professionals to deliver personalised
prognostic information adapted to the circumstances of individual patients. By presenting RMST
estimates, doctors can effectively communicate the duration of the expected average survival for
patients, given their specific treatment plans and cancer characteristics. For example, a patient with
breast cancer who considers chemotherapy can find it more satisfactory to understand the average life
expectancy, factored by possible delays related to the treatment in the progression of the disease.[2]

2. Objective of the Study: -

This study aimed to assess the applicability and effectiveness of Restricted Mean Survival Time
(RMST) in breast cancer patients. RMST offers a straightforward summary of survival time across
different groups (e.g., treatment vs. control) by comparing average survival times within a specified
period. This makes it more intuitive to interpret than hazard ratios, which focus on relative risks.
Estimate the probability of specific events occurring over time in the presence of competing risks.
Identify which factors significantly influence outcomes in breast cancer patients (e.g., age, gender,
tumour grade, family history, ...) by the cumulative incidence function (CIF) model of the event of
interest.

3. Overview of Restricted Mean Survival Time (RMST) and Its Relevance in Breast Cancer
Research: -

In breast cancer research, the Restricted Mean Survival Time (RMST) is a vital metric for evaluating
patient outcomes, offering a nuanced alternative to traditional survival analysis methods, unlike standard
measures that often emphasise survival rates. RMST quantifies the expected survival time within a
specified period, accounting for censoring and treatment effects. This is especially important in
healthcare settings where survival and quality of life are closely related. Understanding the advantages
of treatment can be improved by including RMST in decision-making, particularly when longer
progression-free survival is not always associated with improved survival rates. [3][14]

4. Survival analysis:

Time-to-event analysis focuses on measuring the duration until a specific event occurs. Examples
include the time until infection, disease recurrence, or recovery in health sciences; Survival analysis,
which is a key component of reliability studies in engineering, often refers to these durations as "failure
times," as the primary focus is on how long a component operates correctly before it fails.[1][7]

Survival analysis encompasses parametric, semiparametric, and nonparametric approaches. Certain
statistical probability distributions are well-suited for modelling survival times. Among the most
frequently used distributions are the exponential, Weibull, and lognormal.[12][2]

5. Survival Function
The survival function represents the likelihood of surviving beyond a specific point in time. It
indicates the probability that an individual's survival time will exceed a particular value. Since the
cumulative distribution function, F(t), measures the probability that the survival time is less than or
equal to a specific point of time, the survival function for a continuous distribution, S(t), is defined as
the complement of the cumulative distribution function as in equation (1):
St)=P(T>1t) (1)
Where:
T: is the random variable representing the time to the event of interest (e.g, death, failure, recovery).
t: is a specific time point.[11]
5.1 Properties of the Survival Function:
1. Starts at 1: At time t=0, the survival probability is one because no events have occurred yet.
S(0)=1
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2. Non-Increasing: The survival function decreases (or stays constant) over time as more events
occur, as defined in equation (2):

S(t,) < S(ty) for t, > t; 2
3. Approaches 0: As t—o0, S(t) approaches 0 (assuming all individuals will eventually experience the
event). [6]

6. Applications of the Survival Function: -

1. Estimating survival probabilities: How likely is it for a patient or system to survive beyond a
specific time?

2. Comparing groups: Assessing the difference in survival probabilities between treatment groups,
populations, or conditions.

3. Modelling risk: Supporting the evaluation of interventions or risk factors.[10]

7. Censoring:

Censoring is a critical concept in survival analysis (e.g., time to death, failure, recovery). Censoring
occurs when the complete information about the survival time of an individual is not available. This can
happen for various reasons, such as a study ending before the event occurs, loss to follow-up, or
withdrawal from the study. Censoring has three types (Right, Left and interval).[4]

8. Restricted Mean Survival Time:

Restricted Mean Survival Time (RMST) is a key metric in survival analysis, often employed to
evaluate and compare the effectiveness of treatments or interventions in clinical trials. It represents the
expected time a subject will survive within a specified time interval, often called the "restriction time"
or "truncation time." Unlike measures like median survival time or hazard ratios, RMST provides a more
interpretable and comprehensive summary of the survival experience within a limited time
horizon.[8][10]

Let T be a nonnegative random variable that represents the failure time of an individual from a
homogeneous population. The survivor function (also known as the survival function) of T is defined as
equation (1).

Assume that 7 is a prespecified time point of interest. Let R be the minimum of T and t:

R =min. (T; )

The restricted mean survival time is defined as the expected value of R:

RMST (7)=E (R)=E [min (T; 7)]

T

RMST(7) = f S(t)dt 3)

0

The area under the survivor function can be evaluated it (4) over [0, 7]

Restricted mean survival time (RMST) holds significant promise as a valuable and sensitive measure
for analysing trial data involving time-to-event outcomes.[5][9]

8.1 Mean Survival Time Compared to Restricted Mean Survival Time:

For every study subject, the traditional mean survival time is the average time that passes until an
event occurs. To overcome this problem, RMST limits the study to a particular time horizon, which
results in a more comprehensive summary of survival up to that point.[1]

The restricted mean survival time, denoted as u(t), for a random variable T, represents the average
of the minimum values between (T, t*). It can be calculated as the area under the survival curve S(t)
from time zero up to  Is defined as a function (4):

Mup(r) = E(min(T,7)) = [;S(Ddt 4)
Where S(t) This is the all-cause survival function. T is time to death. u(z)as the t year life
expectancy.[12][13]

8.2 RMST has attractive properties:
1- 1t does not depend on the proportional hazard’s assumption;
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2- It can effectively summarize differences in survival, even when survival curves initially separate.
3- Unlike hazard ratios, which focus on relative risks, RMST provides insights into absolute risk levels.[1]

9. RMST Estimate in Weibull Distribution as equation (5):

T
RMSTz.f exp{—(atﬁ)} dt (5)
0
C(atF)o o e 4 LY ©)
Lety—(at )—> t° = P t= Z) 'dt_E(;) *Zdy
ath 1 y%_l ath 1 1_1
RMSTz.f eV — T dy, RMSTzf e” —5 yF dy (7)
0 pa af ! 0 BaP
1 ath l—l
RMST = —1j e yb " dy (8)
paF
Use incomplete Gamma Function:
[(s,x) = [ t5te tdt (9)
Where:
_1 — atf af 5 gy =T (L
s B,andx atP, fo e ybB d311 F(B,at ) (10)
1 /1 1 (% 5 1,
RMST = lF(—,octﬁ)= _1] e ™" tF ~ dt (11)
paF BaP

10. Cumulative Incidence Function:

In the study of survival, a statistical technique called a Cumulative Incidence Function (CIF) is used
to summaries the likelihood that an event will occur over time when there are competing risks. An
individual is at risk of experiencing multiple types of occurrences, and the occurrence of one event
precludes the occurrence of the others. This is known as competing risks.[9]

10.1 Calculation of Cumulative Incidence:
The cumulative incidence at time t is calculated using the method (6):
© Z Number of Events at time t;

t;<t Number of Events at Risk at time t;

( Number of competing Events at time t; > (12)
* —

Number of Events at Risk at time t;
This formula accounts for the fact that individuals who experience a competing event are no longer at
risk for the event of interest.
e The CIF is different from the Kaplan-Meier estimate, which does not account for competing risks
and may overestimate the probability of the event of interest.
e The CIF is always non-decreasing and ranges between 0 and 1.[5]
10.2 Cumulative Incidence Model:

A statistical framework for examining the likelihood of an event happening over time, especially
when there are unsuitable hazards, is called a cumulative incidence model. It is frequently used in
epidemiology, medical research, and survival analysis to calculate the probability of a particular event
(such as the development of a disease, death, or failure) while taking into consideration other factors
that could make the occurrence of interest unlikely as from equation (7):

¢(F1(tlz)) = a(®) + B()"z (13)
Where: ¢: is the link function. a(t): the baseline functions. g(t): is a vector of time-dependent
coefficients, and z is a vector of covariates. T: denotes the transpose of the vector.[9][3]
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11. Results and Discussion

The data used in this research were obtained from the official database of the Rizgary Hospital,
which was gathered for patients via direct communication between the patients and the specialist
physician. Data from 4420 Breast cancer patients at Nanakali, Rizgary, and Awat three hospitals in
Erbil, Irag's Kurdistan Region, were gathered for this study. During the five years beginning on January
1, 2019, and continuing until August 31, 2024, for all patients with Breast cancer, the survival time was
expressed in months, and the data included the following 14 variables. The data were analysed within a

survival analysis framework using R and STATA programs.
Table (1): The explanatory variables measured for these data at diagnosis

Name of variables Description Percentage Name of variables Description Percentage
<=5 0.02% Wife house 42.60%
15-Jun 0.05% Worker 0.05%
16-25 0.50% Farmer 0.02%
26 - 35 8.60% Employee 8.90%
36 - 45 26.10% . Craftsman 0.10%
Age Occupation ]
46 - 55 29.80% Child 0.10%
56 - 65 21.00% Retire 48.30%
66 - 75 10.40%
76 - 85 3.10%
86 - 95 0.40%
Male 1% No 72.90%
ST Female 99% S Yes 27.10%
Grade | 4.90% No 41.10%
0 0,
Grade Grade Il 49.70% Radio Yes 58.90%
Grade Il 29.90%
Grade IV 15.50%
Right 38.50% No 79.50%
0 0,
Literately Left 59.90% Hormone Yes 20.50%
Bilateral 1.30%
Not Applicate 0.30%
. . No 55% No 61.20%
Family History Isotope
Yes 45% Yes 38.80%
Iraqi 96.20% No 54.50%
Nationality Arabi 3.50% Target Yes 45.50%
External 0.30%
No 59.70% Death 10.10%
Surgery Status .
Yes 40.30% Alive 89.90%

The table above provides a detailed description of various explanatory variables measured at the
time of diagnosis for a specific dataset. Each variable is categorised, and the percentage of each category
within the dataset is provided. The dataset is primarily female, with most patients in the 36-55 age range.
The most common tumour grade is Grade Il, and most patients have left-sided involvement. Most
patients did not receive chemotherapy or hormone therapy, but a majority received radiotherapy. The
data show that breast cancer in this population is more common in middle-aged women, with an equal

proportion having no family history of the disease.
Table (2): Estimate Restricted Mean Survival Time (RMST), probability and months

Timepoint (7) RMST (Months) RMST (Probability) Standard Error Lower C. | Upper C. |
10 8.4 0.2486 0.07 8.2 8.65
20 19.3 0.1375 0.085 19 19.6
30 28.8 0.2526 0.148 28.3 29.3
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45 42.9 0.1981 0.246 42.1 43.8
60 55.7 0.031 0.279 55.1 58.3
90 82.8 0.0147 0.658 80.7 85

125 85.5 0.0482 1.284 102.3 110.7

The table above shows the distribution of time was Weibull, and the estimated value of the
parameters is:

a = 0.90583 (Shape parameter), f = 31.9119 (Scale parameter),

7=10,20,30,45,60,90,125

The Restricted Mean Survival Time (RMST) provides estimates of average survival times up to a
predefined time point (denoted as 1), along with associated probabilities, standard errors, and confidence
intervals.

Time point (t): The specific time points (in months) at which the RMST is calculated. The time
points are 10, 20, 30, 45, 60, 90, and 125 months. These time points represent the intervals at which
survival is being evaluated.

RMST (Months): This provides the estimated average survival time (in months) up to the specified
time point (t). At 10 months, the RMST is 8.4 months, which means that, on average, patients survived
8.4 months within the first 10 months. At 125 months, the RMST is 85.5 months, indicating that, on
average, patients survived 85.5 months within the first 125 months.

RMST (Probability): This column represents the probability associated with the RMST at each time
point. It indicates the likelihood of survival up to that time point. For example, at 10 months, the
probability is 0.2486 (24.86%), meaning there is a 24.86% chance of survival up to 10 months.

At 125 months, the probability drops to 0.0482 (4.82%), indicating a much lower likelihood of
survival up to 125 months. The standard error of the RMST estimate measures the variability or
uncertainty in the RMST estimate. A smaller standard error indicates more precision in the forecast. For
example, at 10 months, the standard error is 0.070, which is relatively small, indicating a precise
estimate. At 125 months, the standard error is 1.284, which is much larger, reflecting greater uncertainty
in the forecast.

The lower and upper bounds of the 99% confidence interval for the RMST. The confidence interval
gives a range within which the true RMST is expected to lie with 99% confidence.

When timepoint(t) equals 10 months, the RMST is estimated to be between 8.2 and 8.65 months.

When timepoint(t) is 125 months, the RMST is estimated to be between 102.3 and 110.7 months.
Table (3): Comparison of Survival Curves

Log-rank (Mantel-Cox) test (conservative)
Chi-square 2877
Df 5
P value <0.0001
Are the survival curves sig different? Yes
Log-rank test for trend (recommended)
Chi-square 316.9
Df 1
P value <0.0001
Sig. trend? Yes
Gehan-Breslow-Wilcoxon test
Chi-square 2255
Df 5
P value <0.0001
Avre the survival curves sig different? Yes

The table (3) shows that survival analysis is often used in medical research to compare the time-to-
event (e.g., death, recurrence) among different groups, such as treatment groups or patient
subpopulations. To compare survival curves across treatment groups or subcategories (e.g., surgery,
chemotherapy, radiation, hormone, Isotope, Target)

1. Log-rank (Mantel-Cox) Test

Chi-square statistic: 2877 (a very high value indicating significant between-group differences).

Degrees of freedom (df): 5 (six groups compared). P-value: <0.0001 (indicating the results are highly
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statistically significant).
The test compares the observed vs. expected number of events (e.g., deaths) at each time point across
groups. Assumes proportional hazards (i.e., the ratio of hazard rates is constant over time).
2. Log-rank Test for Trend (Recommended)
This test is a modified version of the log-rank test, focusing on detecting trends across ordered
groups: Chi-square statistic: 316.9, degrees of freedom (df): 1, P-value: <0.0001.
Highly sensitive to ordered differences among groups, making it more precise when a trend is expected.
This test confirms a significant trend in survival outcomes, suggesting a systematic improvement or
worsening of survival across groups. For example, a linear relationship between treatment intensity and
survival.
3. Gehan-Breslow-Wilcoxon Test
This test is similar to the log-rank test but places greater emphasis on early survival differences: Chi-
square statistic: 2255, Degrees of freedom (df): 5, P-value: <0.0001. The significant result indicates that
group survival differences are pronounced early in the follow-up period. For example, a treatment may
have rapid early benefits but no long-term survival advantage. Groups with severe baseline
characteristics might have higher early mortality, contributing to the difference.

RMST probability for Surgery RMST probability for Chemo RMST probability for Hormone
3 2 2
-~ 0 e
0 0
0 & S
g
1) o
© A T T T T
T T 0 50 100 0 50 100
0 o 100 Analysis time Analysis time
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99% CI 99% CI 99% Cl 99% Cl 99% ClI 99% Cl
° ° Chemo = No Chemo = Yes Hormone = No Hormone = Yes
Surgery = No Surgery = Yes

RMST probability for Istope RMST probability for target RMST probability for Radio
2 o o
b w4
o ]
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Figure 1: RMST probability to death in each treatment

In Figure (1) RMST probability of survival time to death within each treatment group (Status,
surgery, radio, chemo, hormone, isotope, target, family history, laterality, and grade) contains a series
of fixed images that visually represent the Restricted Mean Survival Time (RMST) probability of
survival time to death across different treatment groups. It is divided into multiple panels, each likely
corresponding to a specific treatment or variable group. While the actual images are not provided in the
text, the description and context allow us to infer the content and purpose of these figures.

The figures are designed to visually compare the RMST probability of survival across various
treatment groups and other explanatory variables. The statistics likely show how different treatments or
factors (e.g., surgery, chemotherapy, radiotherapy, etc.) influence survival outcomes.

The figure is divided into multiple panels, each containing a graph or plot. Each panel likely
shows RMST probability curves for different subgroups within a specific treatment or variable. The x-
axis of each plot likely represents time (e.g., in months), while the y-axis represents the probability of
survival. The curves in each panel likely compare the survival probabilities for different categories
within a treatment group (e.g., patients who received surgery vs. those who did not).

If the survival curve for patients who received hormone therapy is higher than for those who did not,
it suggests that hormone therapy may improve survival.

The figures also examine the impact of non-treatment variables, such as family history, laterality,
and grade. For example, patients with a family history of the condition may have different survival
probabilities than those without. The grade of the condition (e.g., Grade | vs. Grade IV) may

significantly influence survival outcomes.
Table (4): Cumulative Incidence Probability for each Time.

Time Number at Risk Cumulative Incidence Standard Error e ComEEES By
Lower Upper
2 13971 0.038 0.002 0.036 0.039
3 13091 0.132 0.001 0.13 0.134
4 11494 0.195 0.002 0.192 0.198
59 3418 0.677 0.001 0.673 0.68
60 3954 0.681 0.011 0.678 0.685
61 3241 0.691 0.007 0.687 0.694
95 195 0.901 0.041 0.898 0.903
113 149 0.904 0.001 0.902 0.906
125 57 0.908 0.012 0.906 0.91

The table (4) presents the Cumulative Incidence Function (CIF) for an event of interest over time.
The CIF estimates the probability of the event occurring by a specific time point,
1. Time: The cumulative probability of the event of interest occurring by that time point. Represents
the time points (e.g., days, months, or years) at which the cumulative incidence is calculated. At
time 2, the cumulative incidence is 0.038 (or 3.8%). This calculates the CIF by ascending; at time
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125, the cumulative incidence is 0.908, which increases over time as more events occur.

2. Number at Risk: The number of individuals who are still at risk of experiencing the event of interest
at the beginning of the time interval. at time 2, there are 13,971 individuals at risk.

3. Standard Error: Measures the uncertainty or variability in the estimate of the cumulative incidence.

A more minor standard error indicates greater precision in the forecast.
Table (5): Cumulative Incidence Model

Factors Estimator SE z P-Value IOCVc\)Igjldence InteL\;aF:er
Intercept 3.036318 0.004205 -1.73 0.756 2.587456 3.587462
Gender 0.01204 0.471086 -0.06 0.301 0.004404 1.000969
Grade -0.01908 0.07109 1.02 0.047 -0.3746 2.51289
Laterality -0.03771 0.119876 15 0.024 -1.939159 1.218616
Surgery -0.04643 0.124814 -0.79 0.001 -0.9542254 1.427292
Chemo -0.01559 0.185761 0.73 0.004 -0.992642 1.052471
Radio 0.038368 0.095599 -1.72 0.003 0.0083061 1.088726
Hormone 0.046475 0.12601 -1.91 0.238 0.0079179 1.036307
Isotope 0.002354 0.211401 0.2 0.776 0.0006288 1.081302
Target 0.001311 0.272497 0.97 0.065 0.0002496 1.083464
Family History 0.00848 0.190305 0.72 0 0.000794 1.021735
Occupation 0.006001 0.00754 0.76 0.914 0.000442 1.052471

Most factors in the model, including gender, Laterality, hormone therapy, isotope therapy,
targeted therapy, and occupation, do not show statistically significant results when comparing p-
value with alpha (@ = 0.05) associations with the outcome. However, Surgery, Chemo, Radio, grade
and family history are identified as significant predictors, suggesting their potential importance in
the clinical context. From the Cumulative Incidence Model Equation (8)

¢(F,(tlz)) = 3.036 = exp (0.0.012gender — 0.019Grade — 0.037Lateratily
— 0.046Surgery — 0.015Chemo + 0.038Radio + 0.046Hormone
+ 0.002Istope + 0.001target + 0.008FamilyHistory

+ 0.006 Occupation
Table (6): test compares K groups while accounting for Cumulative Incidence Function

(14)

Gray's Test
Statistic value DF P-Value .
Chi-Square 329.754 2 0 Reject HO
Pepe and Mori's Test 338.369 2 0 _
Log-rank Test 278.136 > 0 ata=0.01and 0.05

Gray's test is designed explicitly for comparing cumulative incidence functions (CIF) in the presence
of competing risks.
Null Hypothesis (HO): The CIFs for the event of interest are equal across all K groups. Alternative
Hypothesis (H1): The CIFs for the event of interest are not equal across all K groups. The null hypothesis
is rejected at o = 0.05, meaning there are significant differences in the CIFs between the groups. This
suggests that there are substantial differences in the CIFs between the groups, even after accounting for
competing risks.

12. Conclusion
The following conclusions have been reached after analysing the data on breast cancer, and based

on the results of the practical part:

1. Thestudy recognised significant differences in survival based on factors such as age, gender, tumour
grade, and family history. These findings underscore the heterogeneity of breast cancer and the
importance of personalised treatment strategies.

2. The use of RMST, along with survival tests, the Log-rank and Gehan-Wilcoxon tests, provided a
comprehensive view of survival differences across treatment groups. The results confirmed
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statistically significant differences in survival curves, particularly in early-stage survival,
emphasising the importance of timely interventions.

3. RMST offers a clinically meaningful summary of survival outcomes, allowing healthcare providers
to communicate expected survival durations more effectively to patients. It can reduce patient
anxiety and improve decision-making regarding treatment options.

4. The study found that patients who underwent surgery or received radiotherapy had significantly
higher survival probabilities compared to those who did not. Additionally, factors such as family
history, tumour grade, and age significantly influenced survival outcomes, underscoring the
heterogeneity of breast cancer and the need for personalised treatment strategies.

5. The study's Cumulative Incidence Function results show that, at a level of a = 0.05, the most
common factors affecting breast cancer are surgery, chemotherapy, radiotherapy, grade, and family
history.
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