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Abstract 

Background: Hodgkin lymphoma (HL) is one of the best curable malignancies. Randomized 

controlled studies have validated the benefit of hematopoietic stem cell transplant (HSCT) for 

patients with relapsed or primary refractory HL. This analysis aimed to identify significant 

prognostic factors on the recurrence of the disease after HSCT applying a cure rate model.  

Method: In this retrospective cohort study, there were 92 patients with HL who underwent 

HSCT from 2007 to 2014 with 18 months of follow-up in Tehran, Iran. The survival time was set 

as the time interval between transplantation and the recurrence of HL. In addition, we utilized 

hyper-Poisson distribution as discrete frailty to account the unobserved heterogeneity and 

random effects. 

Results: In noncured cases, the mean of survival time was 318 (95% confidence interval, 144-

493) days. The 1-, 3- and 5-year survival rates were 88.9%, 83.4%, and 80.7%, respectively. A 

significant association was observed between the cured patients and the variables such as age, 

the experience of pre-transplantation relapse, hemoglobin (Hb), mononuclear cells (MNCs), and 

body surface area (BSA) at the time of transplantation.  

Conclusion: The study concluded that less than 30 years of age, a high level of Hb (g/dl), a low 

level of MNCs and BSA (m
2
), and the absence of pre-transplantation experience of relapse were 

associated with better survival following HSCT. Based on this study, post-transplant 

consolidation therapies could be considered for the treatment of HL patients after HSCT. 
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Introduction 

Hodgkin lymphoma (HL), characterized 

with the presence of cancerous cells called 

Reed-Sternberg (RS) cells, is a rare 

malignancy with 0.4% of all new tumors and 

0.3% of all cancer deaths in 2018.
1
 HL has a 

low and relatively stable incidence with 

slight male excess. Worldwide, the 

estimated age-adjusted incidence rates for 

2018 were 1.1 and 0.8 per 100,000 males 

and females, respectively.
2
 The rates vary 

internationally: the estimated 2018 incidence 

rates ranged from 2.3 and 1.8 per 100,000 

males and females in more developed 

regions to 0.9 and 0.6 per 100,000 males and 

females in less developed regions.
1
 In Iran, 

with approximately 1140 cases (accounting 

for 1% of all new cases), HL ranked as the 

21st most common cancers in 2018.
3
  

Since the treatment of HL over the past few 

decades has significantly increased the 

survival rate, most patients with HL are 

cured by first-line therapy in a way that 

currently more than 80% of newly 

diagnosed patients are expected to be long-

term survivors.
4
 In terms of mortality rate, 

after stomach cancer, the second statistically 

significant declination occurred in HL 

(decrease of 16·8% [14·0–19·8] to 0·4 

deaths [0·4–0·5] per 100,000) in the decade 

of 2007–17.
5
 Nonetheless, 10-20% of 

patients with relapsed or refractory disease 

will suffer from HL despite the high first-

line cure rates.
6
 Patients with relapsed or 

refractory HL who are not cured with initial 

therapy could often be cured with 

autologous (auto-HSCT) or allogeneic 

hematopoietic stem cell transplantation 

(allo-HSCT). Currently, high-dose 

chemotherapy (HDCT) followed by auto-

HSCT is considered as the standard care for 

suitable patients with refractory or relapsed 

HL, which allows for approximately 30-65% 

cure for these patients.
7-10

 However, a subset 

of patients with a high risk of failure is a 

more compatible candidate for experimental 

procedures like allo-HSCT.
9 

Hematopoietic stem cell transplantation 

(HSCT) is considered one of the best 

treatment options in several malignant 

diseases for achieving prolonged survival 

and reducing transplant-related mortality in 

recent studies.
11,12

 In Iran, HSCT utilization, 

compared to the last decade, has increased 

by ten times.
13

 Nevertheless, relapses occur 

mostly within one to three years following 

HSCT and risk factors for recurrence 

include a stage at relapse, the presence of B 

symptoms, the number of chemotherapy 

regimens given before auto-HSCT, 

performance status, laboratory 

abnormalities, and extranodal involvement. 

Different published studies have integrated 

different factors.
14-16

 Maintenance therapies 

are often assumed to be beneficial to 

alleviate the risk of relapse for patients with 

HL following HSCT. It is particularly 

important to manage such patients since they 

are often young, without medical 

comorbidities, and can endure additional 

therapies. Therefore, the expectations of 

achieving a cure are high.  

The cure rate model has been used to model 

time-to-event data, within which a 

significant proportion of patients are 

disease-free, who could be considered cured 

or insusceptible patients.
17

 The survival time 

of cured individuals might be censored at 

the end of the follow-up study. Hence, if the 

follow-up time is long enough, there might 

be cured individuals in the dataset. This 

feature indicates models like classical 

survival models that ignore the possibility of 

cure will not be suitable enough.
18

 

Moreover, it is known that several other 

unknown factors can influence survival and 

cannot be included in the analysis, which 

may be due to the economic reasons or lack 

of appropriate knowledge. The concept of 

frailty suggests an appropriate way to 

account for unobserved heterogeneity and 
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random effects in the data analysis of 

lifetimes.
19

 Identification of HL patients 

with a high risk of relapse after HSCT is 

crucial for two main reasons: primarily, 

finding a subset of patients who would 

benefit from consolidation therapy; 

secondly, patients at low risk for relapse 

might be suitable for less exhaustive 

procedures. Prevention of disease recurrence 

following HSCT in patients with refractory 

or relapsed HL has recently been an area of 

unmet medical need. The present study 

aimed to investigate the cure rate and 

possible risk factors for these patients after 

HSCT in Iran. 

 

Materials and Methods 

Patients with HL referred to Taleghani 

hospital, which is affiliated to the Shahid 

Beheshti University of Medical Sciences. 

After the initial therapy, the patients were 

treated with HSCT at the department of 

bone marrow transplantation, from 2007 to 

the end of 2014, with a follow-up of 18 

months. Standard eligibility criteria included 

age   60 for allo-HSCT and   70 for auto-

HSCT along with appropriate function in 

pulmonary, cardiac, and hepatic organs. The 

Patients’ information in this study included 

sex, age at the time of transplantation, 

hemoglobin (Hb), body surface area (BSA), 

the mononuclear cells (MNCs), the type of 

stem cell transplantation (autologous or 

allogeneic), patients’ experience of relapses 

before HSCT, and survival status and time 

by days. We dichotomized age variable into 

two age groups in order to compare the 

difference between the young adults (less 

than 30) and older adults (more than 30).
20-22 

The follow-up time was considered to 

determine the survival status of the patients 

who were contacted by telephone, whose 

survival conditions were recorded from 

March 2015 to August 2016. If the patients 

died, the cause and date of death were 

recorded; if the patients were alive, the 

research center staff informed that they 

would be pleased to invite them for re-

examination. In this retrospective cohort 

study, after deleting the subjects with 

incomplete data and missing observation 

times, 92 cases were identified with HL 

from all the 122 HL patients, who 

underwent HSCT and the event variable was 

defined as recurrence of the disease; 

therefore, the survival time was calculated 

based on the difference between the time of 

HSCT and the recurrence of the disease. 

As a result of recent advancements in 

treatment therapies, a high proportion of 

patients are expected to be cured. In other 

words, they remain disease-free after 

prolonged follow-ups. In cancer studies, a 

long plateau of Kaplan-Meier plot 

accompanied by reasonable follow-up time 

suggests a useful application of cure rate 

models. In order to account for the 

heterogeneity caused by unmeasured 

covariates, the frailty approach is commonly 

employed as an appropriate statistical 

modeling method. Each patient has their 

frailty and those with higher frailty are more 

prone to have the event earlier. Cured 

patients encompass zero frailty as there is a 

subgroup of non-susceptible individuals 

where the event of interest does not happen 

even after a long period of the observation 

period. In this situation, models induced by 

frailty with a non-negative and continuous 

distribution would not be proper anymore. 

Hence, discrete frailty is a need to model the 

cured patients accurately.
19-23

 We focused on 

a flexible probability distribution induced by 

discrete frailty, hyper-Poisson distribution 

(hP), which is used for modeling count data 

characterized by over-dispersion or under-

dispersion; in other words, an extra 

parameter ( ) controls the heterogeneity. 

Flexibility of hP indicates that the 

equidispersion assumption of the Poisson 

regression model is not a limitation 

anymore.
24

 Generally, the Weibull model 
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could be an adequate alternative for baseline 

distribution with   and   as shape and scale 

parameters, respectively. Descriptive 

statistics (mean   standard deviation (SD)) 

for continuous and frequency for categorical 

variables were used to summarize 

demographic and prognostic variables in the 

study of the population. In addition to 

simple analyses, the multiple effect of 

variables on the survival time after HSCT 

were evaluated for clinical practicability. 

We utilized the stepwise variable selection 

to identify the best subset of variables 

associated with the hP cure model through 

the analyses. According to this method, 

variables with P< 0.1 were entered and 

those with P> 0.2 were removed from the 

analysis. This study was conducted 

following the approval of the Ethics 

Committee of Shahid Beheshti University of 

Medical Sciences (code: 

IR.SBMU.RETECH.REC.1396.966) and 

informed consent was obtained from all the 

patients. All the statistical analyses were 

performed with R programming language 

version 3.5.2 (packages: dplyr, ggplot2, 

survival, stats) and the P< 0.1 and P< 0.05 

were considered as the level of statistical 

significance for single and multiple 

analyses, respectively. 

Results 

Out of 92 individuals with HL who 

underwent stem cell transplantation, 47.8% 

were men and 52.2% were women with the 

mean age of respectively 29.5 (SD of 8.95) 

and 29.9 (SD of 9.38) at the time of 

transplantation. At the time of HSCT, 65.2% 

of our patients were over the age of 30 and 

34.8% were under that age 30. Prior to 

HSCT, 59.8% of the patients experienced at 

least one relapse; however, after HSCT, 12 

out of 92 (13%) them experienced the 

recurrence of HL. For these uncured 

patients, the mean and median survival time 

was 318 days (95% confidence interval [CI], 

143-493) and 162 days (95% CI, 63-487), 

respectively. Table 1 represents the results 

of descriptive statistics of the subjects based 

on sex, the experience of pre-transplantation 

relapse, type of HSCT, age (year), Hb (g/dl), 

MNCs (count), and BSA (m
2
). 

According to figure 1, for HL patients after 

HSCT and recurrence as the event of 

interest, the 1-, 3-, and 5-year survival rates 

were 88.9% (95% CI: 81.9 - 96.5), 83.4% 

(95% CI: 74.8 - 93.1), and 80.7% (95% CI: 

71.1 - 91.6), respectively. It is visible that a 

large proportion of the patients had not 

experienced the recurrence within 

approximately four years after HSCT. For 

estimation of the cure rate, hyper-Poisson 

distribution was used as discrete frailty in 

the next step. The aforementioned factors 

for patients with HL were examined via 

simple analysis. Hb (P=0.008), sex 

(P=0.019), age (P< 0.001), MNCs (P< 

0.001), BSA (P< 0.001), and experience of 

relapses (P< 0.001) were independently 

significant, which had a significant effect on 

the cure of HL patients following HSCT. 

However, the type of transplantation was not 

a significant factor (P=0.792) on the cure of 

HL patients after HSCT, as shown in table 1. 

Table 2 depicts the results obtained from 

simple analysis for each of the risk factors 

on the survival time through the application 

of the cure rate model with hP frailty 

distribution. As could be seen, the cure rate 

for the patients over 30 years old was 65.9% 

while for those younger than 30, it was 

87.3%. Cure rate decreased from 90.7% to 

73.2% for the patients without any relapses 

in comparison with those who experienced 

at least one relapse. The cure rate was 

statistically affected by sex differences, with 

males having a slightly higher probability of 

cure than females, as shown in figure 2. 

Another point that warrants attention is that 

the type of transplantation had no significant 
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effects on the cure of the patients. Finally, 

cure rates for the mean values of Hb, MNCs, 

and BSA were 80.8%, 80.4%, and 82.6%, 

respectively. 

Table 3 illustrates the results of the multiple 

analysis. The significance of adjusted effects 

of Hb (P=0.008), total of MNCs (P< 0.001), 

BSA (P< 0.001), age of over or below 30 

years old (P< 0.001), and the experience of 

pre-transplantation relapse (P< 0.001) were 

obtained. Since    , the overdispersion 

implied by the obtained data, which was 

probably the result of an increased number 

of cured patients, was estimated with hP 

distribution to get the best fit. Primarily, it is 

essential to note that sex did not have an 

adjusted significant effect on the multiple 

analysis (P=0.865). Overall, by setting the 

values of Hb (9.34 g/deciliter), a total count 

of MNCs (5.99) and BSA (3.43 m
2
) at their 

means, cure rates varied in multiple analysis 

setting. The cure rate for the subjects older 

than 30, with or without the experience of at 

least one relapse was 60.6% and 87.9%, 

respectively. The results concerning those 

younger than 30 changed and the patients 

who experienced the relapse had the cure 

rate of 74.1% while the cure rate for those 

without this experience was 92.2%, as 

shown in table 4. Therefore, the lowest cure 

rate belonged to the patients older than 30 

with the experience of at least one relapse 

before transplantation. On the other hand, 

the highest cure rate was obtained for those 

less than 30 years old who did not 

experience the relapse before 

transplantation. 

Discussion 

Even though numerous risk factors have 

been described for HL patients relapsing 

after first-line therapy, reliable risk factors 

are still needed for those undergoing HSCT. 

Once the recurrence of HL was regarded as 

the outcome, we found that the age of over 

30, low Hb (g/dl), high MNCs (count), high 

BSA (m
2
), and the experience of relapse 

before HSCT were factors of poor outcome.  

The curable benefit of HSCT, followed by 

auto-HSCT in patients with refractory or 

relapsed HL, is supported by two primary 

studies in the literature. In the study by 

British National Lymphoma Investigation, 

the actuarial 3-year event-free survival has 

been found to be 53% and freedom from the 

treatment failure rate in the German 

Hodgkin Study Group (GHSG), reported 

together with the European Group for Blood 

and Marrow Transplantation, has been 

assumed 55%.
25,26

 In Iran, the 3-year 

disease-free survival has been found to be 

77% (SE 3.7%) for HL patients by studying 

stem cell transplantation with 20 years of 

experience.
13

  

Group ages 20 to 34 years, which forms 

almost one-third of new diagnoses, are the 

most common ages in HL patients.
27

 In our 

study, where about two-thirds of the subjects 

were below the age of 30, the analyses 

recognized the importance of age in the way 

that these patients had considerably higher 

cure rates. Studies have not mostly 

considered age as a significant factor in HL 

patients after HSCT, probably since most 

patients are relatively young at the time of 

transplantation and elderly patients are 

ineligible for transplantation.
20,28,29

 A recent 

study by Talleur et al. demonstrated the 

significant improvement of outcome in 74 

young patients with refractory or relapsed 

HL after auto-HSCT over time.
30

 Pediatric 

patients have, however, the same outcome as 

adults. In a case-matched group of 81 adult 

patients who had undergone HSCT, the 

progression-free survival (PFS) rate was not 

significantly different between the age 

groups.
31

 By extending the follow-up time to 

20 years, in contrast, the advanced age was 

reported as an unfortunate outcome of HL 

patients after HSCT in the study by Majhail 

et al.
32
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In 2019, the four-year disease-free survival 

for patients with relapsed or refractory HL 

after auto-HSCT as an established treatment 

was 65.3% based on the report by Iranian 

stem cell transplantation; however, the role 

of allogeneic HSCT (allo-HSCT) in relapsed 

or refractory HD has not yet been entirely 

determined.
13

 Even though auto-HSCT is 

known as a standard treatment option for 

relapsed or refractory HL, allo-HSCT has its 

advantage: the usage of unaffected donor 

marrow cells, which avoids the risk of 

pervading tumor cells to relapse. 

Nevertheless, donor availability, age 

limitations, and higher treatment-related 

mortality have restricted a broader 

application and feasibility of allo-HSCT in 

HL.
33,34

 A case-matched analysis was 

performed by Milpied et al., which 

concluded that there were no significant 

differences between transplantations.
35

 The 

4-year survival probability was 37 and 25 

after auto-HSCT and allo-HSCT, 

respectively. This difference was mainly due 

to a higher transplant-related mortality rate 

in allo-SCT. In our analyses, auto-HSCT 

was not significantly better than allo-HSCT 

regarding the cure of the patients, perhaps 

because the patients with allo-HSCT 

comprised only 11% of the study 

population. 

Anemia resulted from low Hb is one of the 

most prevalent hematological indicators of 

HL. In the retrospective analysis by GHSG, 

low Hb had been identified as one of the 

adverse prognostic factors along with ages 

older than 45 and advanced stage of HL for 

tumor control.
36,37

 In addition, Hb was 

considered as one of the seven factors of the 

International Prognostic Score for advanced-

stage HL patients.
38

 These findings, aligned 

with our results, clarify the importance of 

hemoglobin in patients with HL as they all 

emphasize the adverse effect of low 

hemoglobin on the cure rate of HL patients. 

However, it is noteworthy that pregnancy 

could affect the Hb results by declining its 

value, which was not controlled in our study 

and should be considered in further 

studies.
39

  

Several studies have evaluated the factor of 

sex on the survival of the HL patients 

whereas a few of them considered this factor 

after HSCT. In the study on head and neck 

lymphoma in an Iranian population, the 

difference between gender was significant in 

HL patients, where women had more 

survival time before HSCT.
40

 However, 

after HSCT, sex was not a prognostic risk 

factor in the study by Josting et al., which 

regarded anemia as the only risk factor.
14

 

Although we found that males with relapsed 

or refractory HL after HSCT had gained a 

slightly better cure rate than females, the 

difference between the genders was not 

statistically significant when all the causes 

of recurrence were considered in this 

study. Several factors, including study 

design, sample size, and genetic and 

environmental discrepancies, may be 

responsible for these differences. 

In the post-transplant setting, MNCs has 

been shown to be effective. Mononuclear 

cells are one of the characteristics of 

classical HL and LPHL (lymphocyte-

predominant Hodgkin lymphoma). Several 

HL cell lines-associated studies have 

indicated that the mononuclear Hodgkin 

cells give rise to the RS cancerous cells. By 

this proliferation, the cure fraction of 

patients declines accordingly.
41

  

BSA of patients declines by losing weight. 

In the early stages of the disease, B 

symptoms (systemic symptoms 

of fever, night sweats, and weight loss) are 

associated with unfavorable outcomes. 

However, Brockelman et al. recently 

developed a prognostic score for PFS by 

conducting a multivariable analysis for 

patients with refractory or relapsed HL 

undergoing auto-HSCT. In this international 

project, B symptoms were evaluated, yet its 
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significance was not confirmed.
42

 On the 

other side of the spectrum, obesity can alter 

immune function, which is commonly 

measured through the BMI index and 

increase the risk of HL.
43

 After auto-HSCT, 

however, a low body mass index was 

correlated with poor survival in the study by 

Le Blanc et al. .
44

 Despite these facts, 

studies that have evaluated BSA’s role 

instead of BMI on the cure of HL had not 

been considered yet. BSA values are 

commonly used in medicine, particularly to 

calculate drug dosages. In our study, 

increased values of BSA led to the 

declination of a cure fraction of HL patients. 

The low number of patients may explain this 

contrast. The primary limitation of our study 

was the low number of HL patients who 

underwent HSCT. This limitation might be 

due to the rareness of the disease and a high 

initial cure rate of first-line therapy. It is also 

worth mentioning that the data gathered 

from a single institution, which included 

missing or incorrectly recorded data of 

certain clinical and biological variables, 

made valuable information useless. 

However, our study strengthened the status 

of HSCT in refractory or relapsed HL 

patients while adding valuable information 

about risk factors using a cure rate model 

with a flexible hP distribution for frailty 

variable to account for heterogeneity among 

the patients. 

Conclusion 

This paper proposed a model for 

accommodating long-term survival data 

obtained from a discrete frailty model by 

assuming hyper-Poisson distribution. Age, 

the experience of pre-transplantation 

relapse, Hb, MNCs, and BSA were found to 

be associated with the cure of HL patients 

after HSCT when the event of interest was a 

recurrence. Based on this study, post-

transplant consolidation therapies and the 

following risk-adapted approaches for 

treating HL patients after HSCT could be 

considered.   
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Table 1. Descriptive Statistics for Categorical variables and Numerical variables 

Variables Total of patients Patients who had recurrence 

BSA (m
2
) 3.42 ± 0.84

* 
2.99 ± 0.59 

Hb (g/dl) 9.34 ± 1.46 8.88 ± 1.02 

MNCs (count) 5.99 ± 1.57 5.54 ± 1.46 

Age  

over 30 

below 30 

 

32 (34.8)
 ** 

 

7 (58.3) 

60 (65.2) 5 (41.7) 

Sex 

Male 

Female 

 

44 (47.8) 

 

5 (41.7) 

48 (52.2) 7 (58.3) 

Type of transplantation 

Autologous 

Allogeneic 

 

82 (89.1) 

 

11 (91.6) 

10 (10.9) 1 (8.4) 

Experience of relapse 

Yes 

No 

 

55 (59.8) 

 

10 (83.3) 

37 (40.2) 2 (16.7) 
*Mean ± standard deviation, ** number of patients (percent); BSA: Body surface area; Hb: Hemoglobin; MNCs: 

Mononuclear cells    

 

Table 2. hP Cure Rate for the Risk Factors in Simple Analysis   

Variables hP Cure rate P-Value 

BSA (m
2
) 0.826

 
<0.001

*
 

Hb (g/dl) 0.808 0.008
* 

MNCs (count) 0.804 <0.001
* 

Age 

     over 30 

     below 30 

 

0.659
 

<0.001
* 

0.873  

Sex 

Male 

Female 

 

0.816 

0.019
* 

0.792  

Type of transplantation 

Autologous 

Allogeneic 

 

0.802 

0.792
 

0.807  

Experience of relapse 

No 

Yes 

 

0.907 

<0.001
* 

0.732  
     *Significance at the 10% level; BSA: Body surface area; Hb: Hemoglobin; MNCs: Mononuclear cells 
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Table 3. hP Cure Rate for the Risk Factors in Multiple Analysis   

Variables Estimate S.E
* 

P-Value 

   1.530
 

0.571 0.007
** 

   0.029 0.023 0.209 

   1.881 0.044 <0.001
** 

Baseline -0.184 0.664 0.780 

BSA (m
2
) -0.149 0.037 <0.001

** 

Hb (g/dl) 0.076 0.022 0.008
** 

MNCs (count) -0.126 0.019 <0.001
** 

Age 

over 30 

below 30
*** 

 

-0.458
 

 

0.056 

 

<0.001
** 

   

Sex 

Male 

Female
*** 

 

0.011 

 

0.065 

 

0.865 

   

Experience of relapse 

No 

Yes
*** 

 

1.252 

 

0.086 

 

<0.001
** 

   

*Standard error, ** significance at the 5% level ***Reference category; η: Dispersion parameter of hP; α: Shape 

parameter of Weibull distribution; λ: Scale parameter of Weibull distribution; BSA: Body surface area; Hb: 

Hemoglobin; MNCs: Mononuclear cells  

 

Table 4. hP Cure Rate When Hb, MNCs, and BSA were set to their means    

Age Experience of relapse hP Cure Rate 

over 30 

 

Yes 

No 

0.606 

0.879 

below 30 Yes 

No 

0.741 

0.922 
BSA: Body surface area; Hb: Hemoglobin; MNCs: Mononuclear cells 
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Figure 1. This figure shows the Kaplan-Meier survival curve for the entire study population with 

highlighted 95% confidence interval. 
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Figure 2. This figure shows the Kaplan-Meier survival curves of Sex, Age, and Pre-Transplant 

relapse pertaining to the event of interest.  

 

 

 

 

 

 

 

 


