
Int J Cancer Manag. 2021 March; 14(3):e106846.

Published online 2021 March 27.

doi: 10.5812/ijcm.106846.

Research Article

Survival Rate and Prognostic Factors Among Patients Undergoing

Hematopoietic Stem Cell Transplantation: Using the Joint Model

Zahra Arab Borzu 1, Naghmeh Khadembashi 2, Abbas Hajifathali 1, Aahmadreza Baghestani 3, *

and Elham Roshandel 1

1Hematopoietic Stem Cell Research Center, Shahid Beheshti University of Medical Sciences, Tehran, Iran
2English Language Department, School of Allied Medical Sciences, Shahid Beheshti University of Medical Sciences, Tehran, Iran
3Biostatistics Department, Physiotherapy Research Center, Faculty of Paramedical Sciences, Shahid Beheshti University of Medical Sciences, Tehran, Iran

*Corresponding author: Biostatistics Department, Physiotherapy Research Center, Faculty of Paramedical Sciences, Shahid Beheshti University of Medical Sciences, Tehran,
Iran. Email: baghestani@sbmu.ac.ir

Received 2020 June 25; Revised 2020 December 21; Accepted 2020 December 22.

Abstract

Background: Hematopoietic stem cell transplantation (HSCT) is the most effective of all hematologic malignancies treatments,
resulting in a significant improvement in survival rate.
Objectives: This study aimed at determining the survival rate and factors affecting the survival in patients undergoing hematopoi-
etic stem cell transplantation, using the joint model.
Methods: This study was a retrospective cohort study, used for collecting data from patients with hematopoietic malignancies who
underwent hematopoietic stem cell transplantation in Taleghani Hospital (Shahid Beheshti University of Medical Sciences), Tehran,
Iran during the years 2007 and 2015 and were followed up till 2017. A Bayesian joint model of longitudinal and survival was chosen,
using Win Bugs software.
Results: A total of 395 patients were enrolled. The median overall survival was 6.3 years (95% CI (5.86, 6.76)). Eighty-one patients had
died. The obtained results from this study manifested that age (HR: 1.02, 95% CI: (1.002, 1.04)) and pre-transplantation relapse (HR =
1.64, 95% CI: (1.09, 2.4)) have incremental impact on death after transplantation, while malignancy type (NHL (HR: 0.33, 95%CI: (0.152,
0.73)) and AML (HR: 0.62, 95% CI: (0.29, 0.7)) are also effective in reducing death after transplantation. Similarly, the correlation index
between longitudinal and survival models proved to be significant (HR: 0.6, 95% CI: (0.0802, 0.37)).
Conclusions: This study showed that age, per-transplantation relapse, and malignancy type are the effective factors in the survival
rate. Moreover, the link parameter between longitudinal response (WBC) and the survival indicated that an increase in WBC count
leads to a decrease in the death risk.
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1. Background

Hematopoietic stem cell transplantation (HSCT) is a cu-
rative treatment for several malignant and non-malignant
disorders including hematopoietic disorders, immuno-
logic abnormalities, and the like (1). HSCT is a com-
mon treatment for patients who are at high risk for re-
lapse as well as for patients with genetic disease (2). A
disease-free survival (DFS) of 50% or more is the achieve-
ment of HSCT: an achievement which has not been real-
ized through other treatments (3). Several factors can af-
fect the outcome of HSCT, such as patient-related factors;
moreover, in allogeneic transplantation, and donor factors
can influence the results of the transplant. Innumerable
studies demonstrated that the individual characteristics

factors including the patient’s age, gender, gender adap-
tion between donor and receiver, primary performance,
primary disease status, remission status, body mass index
(BMI), type of transplantation, type of chemotherapy regi-
men, type of graft type of malignancy, and the like can in-
fluence the survival of patients after HSCT (4-8).

One of the signs of the transplant success is the in-
crease in the number of white blood cells (WBC) after the
pancytopenia period, following HSCT. White blood cells
include the myeloid and lymphatic system and its recov-
ery after HSCT is associated with better patient survival.
An increase or decrease of WBC after the transplantation
can represent various conditions, such as infection, re-
lapse, or rejection (9). An increase in the WBC count repre-
sents the homing of the stem cells injected into the bone
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marrow and subsequently recovering the patient’s defec-
tive hematopoiesis. This can be affected by several fac-
tors such as the condition of the patient’s bone marrow
at the time of transplantation and post-transplantation
complications including infection, drug toxicity, graft ver-
sus host disease (GVHD), and so on (10). In many studies,
such as research on hematopoietic malignancies, the re-
searcher is often interested in recording the time of the
event (complete recovery or death) and repeated measure-
ments of longitudinal data for each subject. The longi-
tudinal data, such as information on biological markers
(white blood cells (WBC), hemoglobin (HB), and platelets
(PLT)) can be effective on overall survival. Common mod-
els such as the Cox Proportional Hazard model for time-to-
event, the linear mixed model, and the GEE method for lon-
gitudinal data do not consider dependency between 2 vari-
ous data types (time to the event and longitudinal). There-
fore, a powerful method for analyzing such data is using
a joint model which includes 2 longitudinal and survival
sub-models and dependence between 2 sub-models (the
longitudinal biomarker and time to event) through a la-
tent variable incorporated into the survival model. Ignor-
ing dependency between the 2 models and the use of sep-
arate models for longitudinal and time-to-event data often
leads to fewer efficiency estimates compared with a joint
model.

The Frequentist and Bayesian are 2 approaches to in-
ferential statistical methods. The Frequentist approach
is based on maximum likelihood estimators (MLE). How-
ever, there are situations where calculating MLE is com-
plicated or the sample size is small. A powerful approach
to solve these problems is the Bayesian approach. The
Bayesian approach combines data and external informa-
tion or prior distribution via Bayes theorem, to produce
the posterior distribution that is used to make all infer-
ences about the estimate of the parameter. If the prior dis-
tribution is weakly defined, the posterior distribution will
be heavily weighted in data, and if the prior distribution is
strongly defined, then data will have little impact. Further-
more, when the sample size is large, posterior distribution
will be more heavily affected by the data (11).

2. Objectives

This study used a joint model to estimate the param-
eters, leading to more accurate estimates than the sepa-
rate model in longitudinal and time-to-event data. Also,
the study determined the dependency between longitudi-
nal and survival models, using a latent variable.

3. Methods

This is a retrospective cohort study in which 395 pa-
tients with hematologic malignancies received bone mar-
row transplantation in Taleghani Hospital, Shahid Be-
heshti University of Medical Sciences, Tehran, Iran between
April 2007 and March 2015 and were followed till Septem-
ber 2017.

Data gathering was performed, using the patient’s
medical records through a predetermined checklist in-
cluding patient age, gender, type of malignancy, body
mass index (BMI), type of graft, and number of pre-
transplantation relapses. Furthermore, to determine the
survival time (alive or dead) of the patients, phone inter-
view was performed with the permission of both the hos-
pital and the patients. Those who did not experience the
event of interest (death) were considered as right- cen-
sored. Out of 395 patients, 23 (0.058%) patients did not an-
swer phone which were excluded from the study.

These patients were classified into 5 groups: Mul-
tiple myeloma (MM), Non-Hodgkin’s lymphoma (NHL),
Hodgkin’s disease (HD), Acute myeloid leukemia (AML),
and Acute lymphocytic leukemia (ALL), whose bloods were
repeatedly tested for complete blood count (CBC) within
75 days after transplantation, and white blood cell (WBC)
counts were recorded every day.

This study was approved by the Ethics Committees of
the Shahid Beheshti University of Medical Science, Tehran,
Iran. (no.: IR.SBMU.RETECH.REC.1397.656).

3.1. Statistical Analysis

In this study, a joint effect model, including survival
and longitudinal models was used to examine the effects
of independent variables on patient survival. A joint model
consists of 2 basic sub-models: longitudinal sub-model
and survival sub-model. The longitudinal sub-model is a
mixed model for a longitudinal biomarker including a lin-
ear model with random effects:

Yij = Xij + εij

Where denotes subject and subscript j denotes jth mea-
surement time in longitudinal sub-model. So Yij is the ob-
served outcome for the ith subject at the jth time. The
quantity εij is a random error term that is assumed to have
a normal distribution. Xij is longitudinal marker so Xij =
u1i + βZi. The u1i is assumed to be random effect and has
a normal distribution and is covariate effect on longitudi-
nal marker. The survival sub-model is defined as a propor-
tional hazard model:

h(t) = h0(t) exp (γXij +αZi)
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Where h0(t) is Weibull distribution and α is covariate
direct effect on survival time and the parameter is the mea-
sure of the dependence between longitudinal biomarker
and time-to-event (12).

Due to the complexity of maximum likelihood esti-
mation (MLE), the estimation of parameters was done
through Bayesian inference using the Monte Carlo Markov
chain (MCMC). Data analysis was done, using the Win Bugs
software. Also, the Kaplan-Meier method was used to calcu-
late the distribution of overall survival (OS).

4. Results

In the present retrospective cohort study, the data of
395 individuals who received HSCT were used, with 42.3%
of males and 57.7% of females with a mean BMI of 25.5 ±
8.4. The mean age of these patients was 38 ± 13.93, rang-
ing from 6 to 68 years old and 16.2% had experienced a
relapse of disease before transplantation. The frequency
with those with none-relapse was higher among the fe-
male gender in autograft and multiple myeloma (MM).

The frequency distribution of subjects based on gen-
der, number of pre-transplantation relapses, type of graft,
and type of malignancy are presented in Table 1.

The median survival time was 2673 days (7 years and
118 days) where 81 (21.5%) patients died till the end of the
follow-up period. The overall survival rate for different ma-
lignancies within years 1 to 7 is shown in Table 2.

The Kaplan Meier survival probability at any point in
time for various malignancies manifested that patients
with HD had the highest survival time and ALL-malignancy
ones had the lowest survival time (Figure 1).

The results of the “fitting the survival sub-model” in
the joint effect model indicated that the variables of the
number of relapses before transplantation, age, and type
of malignancy proved to be significant, in a way that as
the number of relapses increased, the risk of death became
greater by 64% (HR = 1.64 CI: (1.09, 2.4)) and as the age in-
creased, the risk of death became greater than 2% (HR: 1.02
CI: (1,002, 1.04)). The risk of death for patients with NHL di-
agnosis was 0.66 times lower than those with ALL diagno-
sis (HR: 0.33 CI: (0.152, 0.73)). Moreover, the death risk for
patients with AML diagnosis was 0.38 times lower than pa-
tients with ALL diagnosis (HR: 0.62, CI: (0.29, 0.7)). In the
longitudinal sub-model, the time, BMI, gender, relapse rate
before transplantation, and type of malignancy were rec-
ognized as significant in the joint model. For a one-unit in-
crease in time (day), the average number of WBC increased
(mean: 1.03, CI: (1.034, 1.039)). With the increase in BMI,
the average WBC count increased (mean: 1.015, CI: (1.004,

Table 1. Frequency Distribution of Subjects Based on Qualitative Variables

Variable No. (%)

Gender

Male 167 (42.3)

Female 228 (57.7)

Relapse

None 331 (83.8)

One 57 (14.4)

Two 4 (1)

Three 3 (0.7)

Malignancy

MM 134 (33.9)

NHL 48 (12.2)

HD 124 (31.4)

AML 56 (14.2)

ALL 33 (8.4)

Type of graft

Auto 301 (76.3)

Allogeneic 94 (23.7)

Total 395 (100)

Abbreviations: ALL, acute lymphocytic leukemia; AML, acute myeloid leukemia;
HD, Hodgkin’s disease; MM, multiple myeloma; NHL, non-Hodgkin’s lym-
phoma.

1.033)). In addition, in the patients with NHL (mean: 1.82, CI:
(1.24, 2.69)) and HD (mean: 1.75, CI: (1.28, 3.45), the mean in-
crease in the WBC was 1.82 and 1.75, respectively, compared
to patients with ALL. The average WBC count after trans-
plantation was 1.09 times more for males than females
(mean: 1.09, CI: (1.071, 1.278)) and by increasing the num-
ber of relapses before transplantation, the average number
of WBC decreased to 0.998 after transplantation (mean:
0.998, CI: (1.019, 1.210)). In the joint model, the communi-
cation parameter, which is a criterion for measuring the
dependence between the 2 longitudinal responses and sur-
vival, was measured as negative, representing an inverse
relationship between the longitudinal response and sur-
vival (exp (-0.51) = 0.6, CI: (0.0802, 0.37)), in a way that as the
number of WBC in the blood increased after the transplant,
the risk of death in these patients was reduced by 40%. The
standard errors of the parameters were used for compar-
ing the efficiency of the joint model with the separated sur-
vival and longitudinal models. By comparing the standard
errors (SE) in Table 3, as can be seen, it is concluded that
the standard error in the Joint model is less than that of the
separate model, suggesting that the joint model is more ac-
curate in estimation parameters compared to the separate
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Table 2. Distribution of the Overall Survival Rate of Patients

Overall Survival, y Malignancy

MM ALL AML NHL HD

1 0.946 79.5 80.4 85.1 92.9

2 0.899 52.3 77.4 74.6 88.7

3 0.811 49.5 68.7 71.1 84.5

4 0.764 41.8 68.7 63.2 82.2

5 0.736 41.8 68.7 63.2 79.3

6 0.67 41.8 68.7 63.2 77.6

7 0.62 41.8 68.7 63.2 77.6

Abbreviations: ALL, acute lymphocytic leukemia; AML, acute myeloid leukemia; HD, Hodgkin’s disease; MM, multiple myeloma; NHL, non-Hodgkin’s lymphoma.
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Figure 1. Survival probabilities for different malignancies after BMT

model. The results of the separate and joint models with
the Bayesian approach are presented in Table 3.

5. Discussion

The goal of this study was to assess the effect of factors
on survival time among patients undergoing hematopoi-
etic stem cell transplantation using the joint model. Based

on the results, age, type of malignancy, and relapse of the
disease before transplantation had a significant effect on
the patient’s survival in the joint model. Furthermore, the
link parameter indicated a negative association between
the 2 longitudinal responses (WBC) and death risk, in a way
that, increasing the longitudinal marker reduced the risk
of death.

Immunity system deficiency following HSCT (which is
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Table 3. Separate and Joint Bayesian Analysis

Parameter
Separate Analysis Joint Analysis

HR SE 95% CI HR SE 95% CI

Longitudinal Model Longitudinal Sub-model

Intercept 5.793a 0.004 (4.96, 6.70) 6.572a 0.002 (6.02, 7.14)

Time 1.92 0.007 (0.96, 6.95) 1.034a 0.0002 (1.03, 1.03)

Age 1.005 0.0005 (0.99, 1.01) 1.008 0.0004 (0.99, 1.00)

Gender

Male 1.39a 0.0012 (1.09, 1.78) 1.09a 0.008 (1.07, 1.27)

Female (ref) - - - - - -

Malignancy

MM 1.33 0.0027 (0.80, 2.17) 2.37 0.0017 (0.951, 1.30)

NHL 1.64 0.0029 (0.34, 1.05) 1.84a 0.0019 (1.22, 2.69)

HD 1.3 0.0025 (0.46, 1.20) 1.75a 0.0016 (1.28, 3.45)

AML 1.282 0.0028 (0.75, 2.196) 2.05 0.0018 (0.95, 1.28)

ALL (ref) - - - - - -

Relapse

Yes 1.08a 0.0014 (1.22, 1.44) 0.998a 0.0001 (1.01, 1.21)

BMI 1.022 0.0001 (0.99, 1.049) 1.015a 0.0001 (1.00, 1.03)

Type of graft

Auto 1.198 0.0001 (0.91, 1.58) 1.135 0.0001 (0.09, 1.37)

Allogeneic - - - - - -

Survival Model Survival Sub-model

Intercept 0.004 0.0007 (0, 0.002) 0.003 0.005 (0.00, 0.015)

Age 1.02a 0.00014 (1.00, 1.05) 1.02a 0.0001 (1.00, 1.04)

Gender

Male 0.83 0.0024 (0.51, 1.34) 0.87 0.002 (0.53, 1.43)

Female (ref) - - - - - -

Malignancy

MM 0.39 0.0042 (0.39, 1.05) 0.276 0.003 (0.20, 1.14)

NHL 0.27a 0.0048 (0.10, 0.54) 0.33a 0.004 (0.15, 0.73)

HD 0.58 0.0045 (0.23, 1.52) 0.6 0.003 (0.26, 1.42)

AML 0.29a 0.0046 (0.10, 0.12) 0.62a 0.004 (0.29, 0.7)

ALL (ref) - - - - - -

Relapse

Yes 1.609 0.0022 (1.06, 2.30) 1.64a 0.002 (1.09, 2.40)

BMI 0.97 0.0027 (0.91, 1.02) 0.97 0.0002 (0.92, 1.02)

Type of graft

Auto 0.98 0.0002 (0.58, 1.71) 0.88 0.0005 (0.26, 1.78

Allogeneic - - - - - -

γ - - - 0.002 (0.08, 0.37)

Abbreviations: ALL, acute lymphocytic leukemia; AML, acute myeloid leukemia; BMI, body mass index; CI, confidence interval; HD, Hodgkin’s disease; MM, multiple
myeloma; NHL, non-Hodgkin’s lymphoma; SE, standard error.
aSignificant.

due to cytoreductive conditioning regimens) can compli-
cate this procedure, with its success relying on the robust
recovery of the myeloid and lymphoid hematopoietic sys-
tem. Immunity system recovery in post-transplantation
and increase in the total number of immune cells is criti-
cal for clinical outcomes after HSCT. Mutually, several fac-
tors can influence the extent and duration of immune de-

ficiency including age, BMI, the intensity of conditioning
regimen, etc. WBC count is a simple, yet independent prog-
nostic marker after bone marrow transplantation, as with
the usual WBC increase after HSCT, patients’ life span in-
creases (9). WBC count consists of both myeloid and lym-
phoid parameters and can indicate fluctuations of the im-
mune system in response to several circumstances such as

Int J Cancer Manag. 2021; 14(3):e106846. 5



Arab Borzu Z et al.

inflammation, relapse, infection, etc. To study the factors
affecting the survival of patients with cancer, most studies
used a Cox model without a longitudinal marker or con-
sider longitudinal marker as a time-dependent covariate
in the Cox model (12). In this study, for the purpose of es-
timating the parameters accurately, the joint model was
used, and the association parameter of the relationship be-
tween longitudinal and survival models entered through
the random intercept. This relationship proved to be sig-
nificant so that for one-unit increase in the logarithm of
the WBC count, the risk of death decreased by 40%. Vari-
ous studies support the assertion of rapid lymphocyte re-
covery as an effective factor for survival after HSCT (13-20).
Similarly, Kim et al. showed that low or high WBC count
in the first 3 months after HSCT was associated with poor
OS and PFS (9). Contrary to the data of the present study,
they asserted that leukocytosis early after HSCT may be due
to transplant-related complications such as infection, cor-
ticosteroid therapy for GvHD, etc.; thus, high WBC count
can reduce patients’ OS. This controversy may be due to a
smaller sample size as well as a shorter follow-up period
in the present study. In addition to WBC count, numer-
ous risk factors affect outcome after transplantation with
allogeneic hematopoietic stem cells. The comparison be-
tween the genders in the joint model showed that the risk
of death in males is lower than that of females, while in
some other studies, the risk of death in males was higher
than in females, which could be due to the more number
of females in the present study (21, 22).

Age is an important factor in the survival of patients
after HSCT. The findings of the present study were in line
with other studies as age proved to increase the risk of
death in patients (21, 23-26). Contrary to the data of the
present study, some studies with a variety of hematologic
malignancies indicated no impact of age on overall sur-
vival, non-relapse mortality (NRM), and other outcomes of
Allo-HSCT (27, 28). However, several centers have shown
an increased risk of NRM after auto-HSCT in older patients
(29-34). The majority of the data concerning the outcomes
of HSCT in older patients is derived from MM patients;
however, studies in older patients with lymphoma who
underwent auto-HSCT did not show inferior survival; ac-
cordingly, this highlights that age should be considered in
combination with other factors (35). Many pre-transplant
factors considerably affect the treatment outcome. The
success of HSCT is profoundly dependent on the remis-
sion status of the disease at the time of transplantation
(7, 36-39). Better outcome has been demonstrated in pa-
tients transplanted in the first or second remission (40-
42). The extent of the underlying disorder and its sensi-

tivity to chemotherapy strongly affect the result of HSCT.
The frequent relapse of the underlying condition can cause
acute bone marrow injury due to exposure to toxic agents
and influence the recovery of the hematopoietic system
that is crucial for the desirable outcomes. Consistent with
these findings, the present data showed higher numbers
of disease recurrence pre-transplantation which were as-
sociated with reduced OS in patients. The importance of
BMI before bone marrow transplantation is somewhat con-
troversial (43). Previous studies have shown that obesity
(BMI > 35) is a proprietary index in cellular transplanta-
tion, with an increased risk of death as a non-recurrence
variable (44, 45), which was not found as significant in
the joint model. It seems that the average BMI of indi-
viduals plays a crucial role. Previous studies have shown
that the average BMI in the United States and Japan was
28 and 22, respectively (43). In the present study, the BMI
of the participants was 25.4 and a mere 18 patients had
BMI > 35. Autologous and allogeneic HSCT are considered
according to primary disorder, disease status, comorbidi-
ties, etc. The type of transplantation is effective in the
survival of patients after BMT; the patients who had Auto-
transplantation showed higher survival rates. In this study,
the risk of death for patients who received auto-transplant
was 22% lower than those who received allogeneic trans-
plants, which was reported as 21% in another study (46), al-
though this variable was not significant in the joint model.
Due to its retrospective nature, the limitations of this study
can be seen in the presence of missing data and patients’
incomplete records. Conducting prospective studies with
effective blood factors is suggested.

5.1. Conclusions

The result of this study indicated the median survival
time for the patients with hematologic malignancy; fur-
thermore, it was revealed that age, relapse before trans-
plantation, type of malignancy, and increase in WBC have
survival time after transplantation in patients undergoing
hematopoietic stem cell transplantation.
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