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Abstract 

Background: In clinical cancer studies, there has been a high tendency of searching for more specific and new prognostic factors in 
cancers in the last few years.         
Objectives: This multistate study aimed to model the progression of Hodgkin's disease by accounting for individual effect (heterogeneity) 
using the joint and independent frailty models. 
Methods: After the utilization of the illness-death model, joint-modeling accounted for the dependency between relapse and death by 
considering the individual characteristics as a frailty term. Therefore, the effect of influential prognostic factors was evaluated on disease 
progression by frailty and joint-frailty multistate models. 
Results: The individual predictions were determined using the frameworks of the both models. The model was applied to 389 Hodgkin 
lymphoma patients. Gender (male), age (over 55 years), and low level of hemoglobin (less than 10.5) were associated with an increased 
risk of death and relapse in patients. The likelihood cross-validation criterion was proposed to choose the joint frailty model as a better 
fitting model. 
Conclusion: Multistate models were appropriate tools to study the whole event history of the subjects, which provided a deep insight 
into the dynamics of the disease. The problem of events-subjects dependency in the survival data was clarified using the multistate model. 
Therefore, the heterogeneity and dependency between the states led to more accurate estimations of the effects of the prognostic factors, 
thereby improving the predictions. 
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1. Background 

Lymphoma is a common name for cancers that 
affect the lymphatic system. Moreover, it is known as 
the cancer of white blood cells and is categorized into 
two subtypes of Hodgkin and non-Hodgkin. One of 
the high achievements in cancers is the progress in 
the Hodgkin Lymphoma (HL) treatment during the 
last years. Despite recent progress, a small 
proportion of patients experience a relapse or disease 
refractory during initial treatment (1). Although 
treatment of the advanced stage of the disease has 
improved, 10% of patients fail to reach complete 
remission, and 20%-30% of responding patients 
experience relapse post-treatment (2). The individual 
characteristic or patient's frailty has impacts on the 
overall survival of patients after diagnosing the 
disease and their response to treatment method (3). 
Relapse or distant metastases is an important subject 
that may affect a large number of cancer patients, 
causing death. The exact cause of the disease has not 
been clear yet. However, many clinical and laboratory 
factors are associated with an increased risk of 
recurrence (4). The first challenge raised by clinical 
cancer research is to evaluate the prognostic factors. 
In fact, an important issue is to determine how these 

factors can affect the disease progression and 
survival of the patients.  

After the diagnosis and the treatment of the 
primary tumor, local relapses or distant metastases 
can appear sometimes either after a short time or 
after years. In some diseases, such as cancer, relapse 
may affect the instantaneous risk of death (5). 
Therefore, it is also important for the patient to 
receive the most appropriate treatment after each 
relapse. The use of a common statistical approach, 
which evaluates the occurring time of an event, is 
unable to indicate movements of patients between 
different states. 

Multistate Models (MSMs) allow an evaluation of 
the effect of different treatments and prognostic 
factors on the natural progress of a disease. Frailty 
and joint frailty MSMs are two main survival models 
that consider the problem of heterogeneity. This is 
due to individual effects that are known as 
unobserved random effects (6). They provide a 
framework to jointly model the hazards of various 
types of events, where the occurrence of each event 
can affect the risk of the other event. Despite a 
number ofseveral types of research on Hodgkin's 
disease, a lack of a novel survival statistical analysis is 
observed in the processing of the disease. Therefore, 
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the MSM is useful in managing the transition period 
in the disease while detecting the effect of other 
baseline and clinical characteristics on survival.  

 

2. Objectives 

This study aimed to model the progression of 
Hodgkin disease by studying the individual effect 
(heterogeneity) using the joint and independent 
frailty models. The effect of influential prognostic 
factors was also evaluated in disease progression. 

 

3. Methods 

3.1. Study design 
This retrospective cohort study was performed on 

389 patients with HL, who were treated at 
hematology and oncology clinic, Shafa Hospital, 
Ahvaz, southwestern Iran, during 2002-2012. The 
study protocol was approved by the Research Ethics 
Committee of Ahvaz Jundishapur University of 
Medical Sciences, Ahvaz, Iran (IR.AJUMS.REC.1396.6). 
It should be mentioned that informed consent was 
obtained from all patients. Furthermore, the patient’s 
disease was confirmed by histology based on the 
decision of two pathologists. In this study, 
demographic and laboratory data, the final status of 
patients in terms of death or recurrence, stage, 
treatment, and the histologic type were collected 
using a standardized data extraction form.  

 
3.2. Participants 

This study included patients who were over 15 
years of age. On the other hand, the patients with 
incomplete information were excluded from the 
study. The follow-up duration for all the cases ranged 
from 2 to 15 years. Furthermore, the cases were 
staged clinically according to the Ann Arbor staging 
system. The entire transition hazard, as a dependent 
variable, was estimated for age, gender, lymph 
location, biopsy, aspiration (removal by the suction of 
fluid and cells through a needle), hemoglobin, and 
classical Hodgkin. Since the stages of the disease 
were missing in most of the documents, no 
appropriate model was fitted in this study. 

 
3.3. Statistical analysis  

An MSM was used to explain the time of disease 
diagnosis until death considering an intermediate 
event. In fact, transition intensities were assessed 
between a set of defined states using the MSM. 
However, Cox regression models were used for every 
endpoint separately and did not illustrate what 
happened to patients after each event. The multistate 
model used in this study was the illness-death model 
with three states, one of which was an absorbing 
state (death). The illness-death model was 
implemented by considering the independent frailty 
and joint frailty between relapse and death. Models 

with frailty inclusion accounted for unobserved risk 
factors that were common to all subjects belonging to 
groups, such as hospitals, families, and countries. The 
represented frailty was considered the effect of 
personality characteristics for all members. Even 
though various frailty distributions existed, 
commonly, the frailty follows Gamma distribution. 
The transition intensity by the inclusion of frailty is 
defined as below (6): 
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Intensity function with a joint frailty term is as 
follows (6): 
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In fact, in the joint frailty multistate model, 

different times to transitions were dependent. In this 
study, relapse and death hazards (terminal event) 
were jointly modeled (α01 → α12). The multistate 
diagram (Figure 1) shows the clinical state that a 
patient could occupy at any time during the follow-
up. The arrows denoted in Figure 1 indicated the 
direction of possible transitions. The statistical 
inference about the joint model proposed by Rondeau 
was based on the semi-parametric penalized 
likelihood approach that was the most suitable 
selected model using the likelihood of cross-
validation criteria (7). 

Parameter vectors for relapse (R) and death (D) 

were denoted by 
0 0( (.), (.), , , )R D      . Moreover, 

the following expression shows the full log-likelihood 

for subject i (i=1,…N), where 
R

ij is an indicator, 
which is 0 if patients died and 1 if j th relapse is 
observed (7): 

The baseline hazard function ( 0 0(.) (.)R Dand 
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was estimated by Splines. Therefore, the penalized  
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Figure 1. Illness-death model 
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log-likelihood is as follows: 
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Where, 
1k  and 

2k are two positive smoothing 

parameters. All the calculations were performed by 
an existing R package and Frailty Pack for both the 
models and predictions (7). 

 
4. Results 

This study investigated 389 patients, who had 
been diagnosed with HL. It should be mentioned that 
the majority (n=228; 58.6%) of the cases were male. 
Regarding the age group, 52 (13.36%) cases were 
less than 15 years of age, and 241 (61.95%) patients 
were between 15 and 34 years. Moreover, 70 (18%) 
and 26 (6.69%) individuals were within the range of 
34-55 and over 55 years, respectively. The mean±SD 
age at diagnosis was 27.5±15.83 years, and the 
median follow-up was estimated at 5.66 years. The 
transitional information of the patients is presented 
in Table 1. As can be observed, 30 and 23 patients 
died following relapse and without a previous 
relapse, respectively. 

According to Ann Arbor staging system, the cases 
were classified as grades I (n=82; 21.1%), II (n=85; 
21.9%),  III (n=96; 24.7%), and IV  (n=24; 6.20%). 
 

Table 1. Summary of the number of transitions for each state 

State 1 (Disease) 2 (Relapse) 3 (Death) 
1 (Disease) 226 (58.09%) 136 (34.96%) 23(5.91) 
2 (Relapse) - 99 (25.44) 30 (7.71) 

However, other patients had an incomplete medical 
history. Overall, 322 patients were treated with 
Adriamycin, Bleomycin, Vinblastine, and Dacarbazine 
regimen, and the Stanford regimen was administered 
to 31 cases. Most of the patients (57.59%)  
had clinically cervical-involved lymph nodes. 
Furthermore, 31 and 75 patients had axillary and 
inguinal involvement, respectively. Moreover, 75 
cases had involvement in another part of the body, 
and other patients had no complete medical records. 
Based on the classical variety, 164 (42.15%), 94 
(24.17%), and 21 (5.5%) patients had nodular 
sclerosis, mixed cellularity, and lymphocyte-rich, 
respectively. 

The estimated results of the two events (relapse 
and death) using both joint and independent frailty 
models are presented in Tables 2 and 3. 

Table 2 shows the independent frailty model 
results. According to this model, by considering 
individual characteristics, it was concluded that older 
age (over 55 years) was an effective and important 
factor in all transitions and endpoints. Moreover, the 
patients with cervical nodes were more at risk of 
relapse, compared to those whose other parts of the 
body were affected (HR01: 0.72 [0.20, 0.88]). 
Furthermore, a biopsy had also effects on the relapse. 
The risk of death in patients with hemoglobin less 
than 10.5 was more than that in others (HR02: 0.28 
[0.14, 0.55]). Among the prognostic factors, gender 
was well known in Hodgkin disease. Males were more 
prone to relapse and death, compared to females. In 
other words, a high mortality rate was noted among 
males (HR02: 1.63 [1.84, 3.18]). In this model, the 
variance of frailty was significantly different from 
zero for transitions 01 and 02 to insignificant for 
transition 12. This result was obtained using a 

 
Table 2. Result of the illness-death model with penalized likelihood estimation incorporating frailty terms HR (exp (β)) estimates and 
corresponding confidence intervals for the different transition intensities 

Three independent frailties for transitions 01, 12 , 02 Diagnose → Relapse Relapse → Death Diagnose → Death 

Age 

 Exp β (CI 95%) Exp β (CI 95%) Exp β (CI 95%) 
15-34 1.34 (0.59-3.06) 1.40 (0.302-6.53) 3.21 (1.13-4.08) 
34-55 2.61 (0.94-3.29) 2.93 (0.61-13.98) 3.08 (0.91-5.49) 
>55 3.74 (1.21-4.55) 1.96 (1.79-44.71) 2.44 (1.87-3.10) 
<15 1 1 1 

Gender  
Male 1.28 (0.69-2.36) 1.19 (0.50-2.86) 1.63 (1.84-3.18) 
Female 1 1 1 

Location lymph 

Axillary nodes 0.42 (0.76-1.88) 1.61 (0.608-4.28) 0.83 (0.37-1.87) 
Inguinal nodes 0.45 (0.28-1.98) 0.99 (0.27-3.64) 0.50 (0.16-1.57) 
Cervical nodes 0.72 (0.20-0.88) 1.08 (0.104-11.13 )  0.51 (0.13-2.08) 
Other 1 1 1 

Biopsy 
Positive  2.38 ( 1.04-3.01) 2.47 (0.018-5.86 ) 1.69 (0.81-3.44) 
Negative 1  1 

Aspiration 
Yes 0.69 ( 0.28-1.66 ) 2.75 (0.015-8.76) 0.63 (0.31-1.28) 
No 1 1 1 

Hemoglobin 
>10.5 0.83 (0.46-1.49) 0.59 (0.264-1.33) 0.28 (0.14-0.55) 
<10.5 1 1 1 

Classical Hodgkin  
Mixed ellularity 0.72 ( 0.38-1.36) 1.09 (0.461-2.58) 1.04 (0.52-2.07) 
Lymphocyte rich 0.49 (0.20-1.17) 0.77 (0.237-2.53 ) 1.03 (0.45-2.35) 
Nodular clerosis 1 1 1 

Variance of the frailty(SE) 2.75 (1.46)* 1.12 (0.815) 0.156 (0.0721)* 
Likelihood cross validation (LCV) 2.813 2.564 3.24 
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Table 3. Result of the illness-death model with penalized likelihood estimation incorporating joint frailty terms HR (exp (β)) estimates 
and corresponding confidences intervals for the different transition intensities 

A joint subject-specific frailty term for transitions 01 , 12 Diagnose → Relapse Relapse → Death 

Age 

15-34 1.49 (0.76-2.92) 1.22 (0.86-2.45) 
34-55 2.25 (1.07-4.73) 1.62 (1.03-2.54) 
>55 5.95 (2.63-6.43) 2.94 (1.53-2.86) 
<15 1 1 

Gender  
Male 1.17 (0.71-1.94) 2.27 (1.76-3.21) 
Female 1 1 

Location lymph 

Axillary nodes 0.44 (0.25-0.78) 0.84 (0.65-1.07) 
Inguinal nodes 0.69 (0.33-1.46) 1.76 (0.95-2.56) 
Cervical nodes 0.46 (0.14-1.53) 2.50 (1.95-5.86) 
Other 1 1 

Biopsy 
Positive  3.12 (1.63-4.88) 1.73 (1.27-4.23) 
Negative 1 1 

Aspiration 
Yes 1.75 (0.97-3.12) 1.61 (0.61-2.98) 
No  1 

Hemoglobin 
>10.5 0.66 (0.41-1.05) 2.01 (1.38-5.67) 
<10.5 1 1 

Classical Hodgkin  
Nodular clerosis 0.67 (0.40-1.11) 1.17 (0.89-2.89) 
Mixed ellularity 0.47 (0.24-0.92) 1.88 (1.69-4.67) 
Lymphocyte rich 1 2.65( 1.14-5.01) 

Variance of the frailty (SE) 1.148 (0.108) 
Power coefficient ζ 7.143 (1.141) 
Likelihood cross-validation  2.104 

 
modified Wald test (1.12/0.815<1.64). This showed 
that individual homogeneity was an effective agent in 
relapse and death. However, the occurrence of death 
among patients with relapse experience was due to 
their condition. 

According to joint frailty results (Table 3), there 
was an association between the transition time of 
relapse (01) and the following death (12). Lack  
of attention to this correlation may cause 
underestimating the coefficients and created biases. 
In this study, the variance of frailty was significantly 
different from zero: α=1.148 (SE [H]: 0.108). 
Furthermore, the power coefficient was significantly 
different from zero (W=7.14/1.14). This showed that 
the incidence of relapse was positively associated 
with death. Older age, type of lymphocyte, 
lymphocyte-rich Hodgkin, cervical nodes, and biopsy 
significantly had an effect on relapse and death in this 
model. 

The conclusions drawn from the previous two 

models by comparing standard error showed that 
estimation in the joint frailty model was more 
accurate and performed better than the independent 
frailty model. Moreover, the Likelihood Cross-
Validation (LCV) criterion was proposed to choose 
the joint frailty model as a better fitting model. The 
joint frailty model was selected as a lower value of 
LCV that demonstrated a better model in this regard. 

There were also attempts in this study to predict 
death from joint and shared frailty models, followed 
by the assessment of its performance. Figure 2 
compares the risk of death for both models with the 
same individual characteristics, including male 
gender, low hemoglobin, and old age. This prediction 
was performed according to the existing information, 
as well as basic and important factors. 

The risk of death would be different considering 
the number of previous recurrences. The occurrence 
of death will be earlier for patients with at least j 
recurrence, compared to patients with exactly j 

 
 

 
 

Figure 2. Evolution of the three prediction settings for shared and joint frailty models sharing same characteristics, except for the 
occurrence of recurrences 
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recurrence. However, patients without relapse were 
more prone to death. In general, each relapse was 
followed by a new line of treatment that was selected 
according to the patients' characteristics. Patients 
with relapse would be treated by a recent and 
modern treatment approach. This might prevent 
them from experiencing an unfavorable outcome in 
comparison to ignoring a relapse of the disease. This 
is the main reason for focusing on those intermediate 
events in research. Prediction in the shared frailty 
model was exactly similar to prediction without any 
relapse in the joint frailty model. 

 

5. Discussion 

The most common and popular regression model 
for survival analysis was the Cox proportional 
hazards model. However, this approach was unable 
to offer a wide insight into the duration of the disease 
and several endpoints. The MSM provided complex 
survival models for the progression of the disease (8). 
Numerous studies especially in chronic diseases, such 
as cancers, utilized the MSM since it brought some 
new information about the progress of the disease in 
patients (9-13). As previous literature about HL used 
the usual method for survival analyses, several states 
of the disease were evaluated by MSM in this study. 
This model allowed us to understand the effect of 
prognostic factors on each state. The addition of the 
frailty to the MSM, despite the challenge, provided 
strong survival models to explain some point of 
heterogeneity among subjects, groups, and different 
centers (14). In this study, the accommodation of 
individual heterogeneity to our illness-death model 
could catch and control unobserved heterogeneity. 
On the other hand, the association between transition 
intensities was described in the joint frailty MSM 
framework. This model reduced the estimator’s bias 
and provided precise predictions. In a study 
conducted by Mauguen et al., relapse was considered 
to have a great impact on predicting the death risk. 
They also took into account that relapse information 
decreased the prediction error (15). Similar to our 
results, Mazroui showed that joint modeling made 
suitable predictions (16). Consistent with the results 
obtained from this study, they inferred that the best 
imputation method was the prediction from a joint 
model. The satisfactory results were in terms of the 
reduction of standard errors of estimation (17, 18). 
Regarding the clinical aspect of MSM, frailty and joint 
frailty could help clinicians to avoid the potential 
reasons for relapse or recommend the most effective 
treatment. 

The evaluation of the prognostic factors provided 
more precise insight into the disease process, 
especially in cancer research. Much fundamental 
decision for optimal treatment depended on accurate 
knowledge about the prognostic index, and it was 
very important to have an acute understanding of the 

diagnosis for remission (19). According to our 
results, factors, such as old age, male gender, and low 
level of hemoglobin significantly increased the risk  
of relapse or death. Moreover, the individual 
characteristic affected the risk of death or relapse. 
Numerous studies confirmed the effect of old age on 
physical functioning and its adverse effect on 
treatment (20-24). It meant that the ages over 45 or 
50 years were diagnosed as a prognostic factor for HL 
(22). In fact, overall survival and freedom from 
progression (FFP) depended on the patient’s age. It 
was reported that severe drug-related toxicity was 
more frequent in older patients, compared to the 
younger cases (25, 26). Hasenclever indicated that 
the survival rate decreased from 42% to 5% in five 
years for patients up to 34 years who relapsed, 
compared to those who were between 55 and 56 
years. Similar to our results, several studies found 
age to be a significant and an adverse risk factor since 
a biologically more aggressive disease presents more 
comorbidities and more treatment toxicity at an old 
age (27-31).  

Among the prognostic factors, gender was well 
known in Hodgkin disease. Our results clearly showed 
male gender was more at risk for death or relapse. 
These findings were consistent with the results of 
previously conducted studies (1, 32, 33). A systematic 
review considered various epidemiological patterns 
according to the geographical location. A significant 
association was reported between male gender and HL 
disease in Hispanics. In contrast to our result, up to 
13.7% of incidents occurred among females annually 
(34). Moreover, another controversial result was 
reported by Jeffery (35), who found some factors (e.g., 
gender) that were predictive of disease-free survival, 
relapse, and overall survival. In this retrospective 
study, out of 163 patients with Hodgkin disease, 
females experienced relapse more than males (26% vs. 
39%). Disease-free survival was significantly different 
for different genders and complete remission was 
noted in 78 males and 57 females. However, the 
overall survival was not influenced by gender. 
Altogether, females were more fragile, compared to 
males. Another study showed significant and better 
outcomes for females, compared to males (37). 
Consequently, the male gender was identified as an 
adverse prognostic factor for Hodgkin (37). According 
to the present study, a lower level of hemoglobin was 
an unfavorable factor for Hodgkin's disease. This 
finding was consistent with that of other studies (24, 
38-42). In other words, anemia (hemoglobin<10.5) 
was considered an adverse prognostic factor for 
overall survival (43). Beirman found that anemia 
resulted in shorter survival (21). Furthermore, 
according to the International Prognostic Score, age 
and lower levels of hemoglobin are the factors that 
affected FFP (44). In contrast, Paolo found that 
hemoglobin did not significantly affect survival and 
freedom from treatment (32). 
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6. Conclusion 

The main objectives of this study were to explore 
the problem of subject-event dependency in the 
survival data to provide useful tools to deal with 
them and propose a solution to take advantage of 
both the multi-state and frailty methodologies jointly. 
Although previous studies considered the prognostic 
factors of Hodgkin's disease, the utilization of the 
MSM was a relatively novel approach for this cancer. 
This helped to model different states of the disease, 
as well as describe the latent factors and the states 
simultaneously (14). The HL was regarded as a good 
progress disease in its diagnosis and treatment 
during years. Therefore, an understanding of the 
prognostic factors provided a basis for the treatment. 
It could, in particular, help clinicians avoid the 
potential reasons for relapse or help them 
recommend the most effective treatment. Multistate 
models highlighted the impact of prognostic factors 
on intermediate events during the disease process. 
Cancers are among the most dangerous and 
challenging diseases, in which multistate models are 
frequently used. Moreover, in such an analysis, 
patients’ prognoses may be predicted over time. In 
addition,  individual characteristics can decrease bias 
in estimations. Regarding the limitations of this 
study, one can refer to the small sample size. To 
estimate the accurate coefficients, a larger sample 
size is required for each transition and covariate. In 
the current study, the variables of the stages of the 
disease were omitted among other variables for a 
lack of adequate cases in one transition. Overall, 
despite certain limitations, determination of the 
prognostic factors can avoid the unfavorable effects 
of cancer on patients and the quality of their lives. 
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