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Background: High-dose chemotherapy followed by autologous stem cell transplantation (HDT/ASCT) plays a crucial role in
the therapy of patients with lymphoma. This retrospective study aimed to analyze prognostic factors in pa-
tients undergoing HDT/ASCT for lymphoma.

Material/Methods: We included patients with lymphoma who underwent HDT/ASCT at our center. Time-to-event outcomes, in-
cluding progression-free survival (PFS) and overall survival (OS), were analyzed with the Kaplan-Meier method
and log-rank test. Receiver operating characteristic (ROC) curve analysis and Cox proportional hazard regres-
sion analysis were performed to explore the prognostic value of different factors.

Results: A total of 113 patients with lymphoma were included. Patients with low serum albumin levels (<37 g/L) be-
fore transplantation had significantly lower PFS and OS (P<0.01). Albumin levels before transplantation sig-
nificantly predicted early progression (progressed within 1 year) after transplantation (AUC=0.706, P=0.003).
Multivariate Cox analysis indicated that low albumin level (hazard ratio [HR] 3.19, 95% confidence interval [CI]
1.54-6.63; P=0.002) and age >60 years (HR 2.92, 95% Cl 1.27-6.71; P=0.012) were independent risk factors for
PFS. Total protein <60 g/L was an independent risk factor for OS (HR 3.57, 95% Cl 1.45-8.78; P=0.006).

Conclusions: Low albumin level before transplantation was an independent risk factor in patients with lymphoma undergo-
ing HDT/ASCT. Intense care and effective maintenance therapy after transplantation are required for patients
with low albumin levels.
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Background

Lymphoma is one of the most common malignancies, account-
ing for approximately 3% of cancer cases and cancer-related
mortality worldwide [1]. Over the past 2 decades, the incorpo-
ration of novel agents into conventional chemotherapy treat-
ment led to significant improvements in disease control and
survival of patients with lymphoma [2,3]. However, the out-
comes of patients who have high-risk disease and who expe-
rienced relapse after first-line therapy remain poor. High-dose
chemotherapy followed by autologous stem cell transplanta-
tion (HDT/ASCT) is the standard of care for these patients. Data
from randomized controlled trials have established that upfront
consolidative ASCT for high-risk patients with lymphoma who
have achieved complete response (CR) and salvage therapy with
HDT/ASCT for patients with relapsed or refractory lymphoma
could significantly prolong progression-free survival (PFS) [4-7].

Despite the durable disease control achieved with HDT/ASCT in a
subset of patients with lymphoma, disease relapse remains the
most common cause of death. About 30% to 50% of patients
had relapse or disease progression within 3 years after ASCT, im-
plying the requirement of post-ASCT maintenance/consolidation
therapy [4-8]. Maintenance therapy with rituximab for patients
with non-Hodgkin lymphoma (NHL) or brentuximab vedotin
for patients with Hodgkin lymphoma (HL) could yield superi-
or PFS compared with observation or placebo [9-11]. However,
these agents are associated with a high financial burden and
a series of undesired toxic effects. Therefore, it is important to
precisely identify those patients who are most likely to benefit
from HDT/ASCT and post-transplantation maintenance therapy.

Investigation of prognostic factors that are associated with
the high risk of progression or relapse after HDT/ASCT in pa-
tients with lymphoma would be helpful for the precise appli-
cation of maintenance in clinical practice. Previous studies
have shown that higher serum levels of albumin at diagno-
sis are associated with superior survival outcomes in patients
with diffuse large B-cell lymphoma (DLBCL), but the prognostic
role of albumin levels before transplantation in patients with
lymphoma undergoing HDT/ASCT remains unknown [12,13].
Therefore, we aimed to explore the prognostic value of albu-
min level and to identify other prognostic factors by conduct-
ing a retrospective study in patients with lymphoma who re-
ceived HDT/ASCT at our center.

Material and Methods

Patient Selection

This retrospective study was approved by the Ethics Committee
of Southwest Hospital, Third Military Medical University
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(Chongging, China, approval no. KY2020200) and was in ac-
cordance with the principles of the Declaration of Helsinki.
Patients with lymphoma who received HDT/ASCT between
January 2006 and August 2019 at the Center for Hematology
in Southwest Hospital (Chongging, China) were included in the
study. Eligible patients for ASCT were <70 years old and had
a biopsy-confirmed diagnosis of NHL or HL, adequate organ
function, and an Eastern Cooperative Oncology Group perfor-
mance status (ECOG PS) of 3 or less. The choice of induction
therapy or salvage chemotherapy regimen prior to ASCT var-
ied based on patient diagnosis. All transplantation procedures
were performed according to standard protocol. Autologous
peripheral blood stem cells were collected following mobili-
zation using granulocyte colony-stimulating factor alone or in
combination with chemotherapy. The acceptable minimal dose
was 2x10° CD34* cells/kg or 3x10® mononuclear cells/kg. The
conditioning regimens used were CHOP (cyclophosphamide,
anthracycline, vincristine, and prednisone)-like, CBV (cyclo-
phosphamide, carmustine, and etoposide), BEAM (carmustine,
etoposide, cytarabine, and melphalan), and BEAC (carmustine,
etoposide, cytarabine, and cyclophosphamide). For patients
with bone marrow involvement at diagnosis, flow cytometry
was performed before transplantation to detect lymphoma
cells in bone marrow samples and/or apheresis grafts, and
patients with positive results did not proceed to autologous
transplantation. Written informed consent was obtained from
all patients before transplantation.

Data Collection

Demographic data, clinical characteristics, and laboratory pa-
rameters were collected through reviewing the medical records
of all included patients. Histological subtype was determined
according to the 2008 World Health Organization classifica-
tion of lymphoid neoplasms [14]. The disease stage was eval-
uated based on the Ann Arbor staging system [15]. The pres-
ence of B symptoms included fever, night sweats, and weight
loss. The international prognostic index (IPI) score at diagno-
sis was calculated based on age, disease stage, serum level of
lactate dehydrogenase (LDH), number of extranodal disease
sites, and ECOG PS [16]. Four risk groups were defined: low-
risk group with IPI score of 0 to 1, low-intermediate-risk group
with IPI score of 2, high-intermediate-risk group with IPI score
of 3, and high-risk group with IPI score of 4 to 5. Remission
status prior to ASCT was assessed by computed tomography
(CT) scan. Complete remission (CR) was defined as the com-
plete disappearance of evidence of disease, and partial remis-
sion (PR) was defined as at least a 50% decrease in the sum
of the product of the diameters of up to 6 of the largest dom-
inant nodes or nodal masses [17]. The level of serum albumin
and other laboratory parameters before the initiation of con-
ditioning chemotherapy were collected. Post-transplantation
data of blood cell count were reviewed to assess engraftment;
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successful engraftment was defined as an absolute neutrophil
count >0.5x10%/L for 3 consecutive days [18].

The primary endpoint of this analysis was progression-free sur-
vival (PFS). Relapse or disease progression was defined as the
appearance of any new lesion larger than 1.5 cm or a >50%
increase of previously involved sites [17]. PFS was defined as
time from the day of stem cell infusion to the first document-
ed relapse, disease progression, or death from any cause. The
second endpoint was overall survival (0S), which was defined
as the time from day of stem cell infusion to death from any
cause. Patients who were alive without progression were cen-
sored at the time of the last record or last contact.

Statistical Analysis

All statistical analyses were performed with SPSS version 23.0
(IBM, Armonk, NY, USA). The cutoff value of albumin was 37
g/L, as previously established [19,20]. Demographic variables
and disease characteristics were analyzed descriptively, and
the differences between the low-albumin group and the high-
albumin group were compared using the chi-squared test or
Fisher’s exact test for categorical variables and the Wilcoxon
test for continuous variables. PFS and OS were analyzed with
the Kaplan-Meier method and compared with the log-rank
test. Receiver operating characteristic (ROC) curve analysis
was performed to explore the predictive value of serum al-
bumin level on progression. Univariate and multivariate Cox
proportional hazard regression analyses for PFS and OS were
performed to identify potential prognostic factors. All report-
ed P values are two-sided. A Pvalue < 0.05 was considered to
be statistically significant.

Results

Patient Characteristics

Atotal of 113 patients with lymphoma who received HDT/ASCT
from peripheral blood stem cells at our center between January
2006 and August 2019 were included in this study. The me-
dian patient age at transplantation was 40 years (range, 4-68
years). There were 71 men and 42 women, with a ratio of 1.69.
There were 80 patients diagnosed with B-cell NHL, including
DLBCL (n=57), extranodal marginal zone lymphoma of muco-
sa-associated lymphoid tissue (MALT lymphoma, n=9), follicu-
lar lymphoma (n=4), primary mediastinal large B-cell lympho-
ma (n=2), mantle cell lymphoma (n=2), nodal marginal zone
lymphoma (n=2), splenic B-cell lymphoma (n=1), T-cell/histio-
cyte-rich large B-cell lymphoma (n=1), ALK* large B-cell lym-
phoma (n=1), and unclassifiable B-cell lymphoma with fea-
tures intermediate between DLBCL and Burkitt lymphoma
(n=1). There were 15 patients diagnosed with T-cell lymphoma,
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including ALK* anaplastic large-cell lymphoma (n=5), ALK~ ana-
plastic large-cell lymphoma (n=3), T-cell prolymphocytic leuke-
mia (n=4), primary cutaneous anaplastic large-cell lymphoma
(n=1), angioimmunoblastic T-cell ymphoma (n=1), and periph-
eral T-cell lymphoma (n=1). There were 4 patients diagnosed
with extranodal NK/T-cell lymphoma, nasal type, and there
were 14 patients with HL. Based on the Ann Arbor stage, most
of the included patients (80.5%, 91/113) were diagnosed with
advanced-stage disease (stage Ill-IV). An elevation of serum
LDH level (>240 U/L) was observed in 44 patients (38.9%). All
patients had received multiple cycles of chemotherapy before
ASCT; the most commonly used regimens were CHOP for NHL
and ABVD (doxorubicin, bleomycin, vinblastine, and dacarba-
zine) for HL. Of the 80 patients with B-cell NHL, 31 (38.8%)
patients received rituximab combined with conventional che-
motherapy. There were 54 patients who achieved CR and 57
patients who achieved PR before transplantation. The char-
acteristics of all included patients are presented in Table 1.

Transplantation Outcome

After being mobilized with granulocyte colony-stimulating fac-
tor alone or in combination with chemotherapy, all patients
reached the peripheral blood stem cell collection target (>2x10°
CD34+ cells/kg or »3x10% mononuclear cells/kg). The condi-
tioning regimens applied were CHOP-like (n=27), CBV (n=30),
BEAM (n=23), and BEAC (n=31). In addition, 1 patient received
total body irradiation and cyclophosphamide, and 1 patient
received busulfan and cyclophosphamide. Following the con-
ditioning regimens, a median dose of 5.27x10% mononuclear
cells/kg were infused. Except for 1 patient who died of severe
pulmonary infection and 1 patient who died of acute hepatic
failure before engraftment, all patients engrafted successful-
ly. The median time to neutrophil engraftment was 11 days
(range, 7-18 days). Post-ASCT maintenance therapies were
given to 42 patients, including subcutaneous interferon al-
pha (IFN-o) (n=23), rituximab (n=7), cytokine-induced killer
(CIK) cell infusion (n=7), and rituximab in combination with
CIK cells (n=5). After a median follow-up of 49 months (range,
0.1-150.7 months), 23 patients died. The 3-year PFS and 3-year
0S were 68.7% and 82.8%. The 5-year PFS and 5-year OS were
64.6% and 78.2%. The median PFS and median OS were not
reached (Figure 1A, 1B). Patients who failed to achieved CR be-
fore transplantation were associated with inferior PFS and OS,
but the differences were not statistically significant (P>0.05).

Prognostic Role of Serum Albumin Level

The median serum level of albumin before transplantation was
41.3 g/L (range, 27.1-53.6 g/L). Based on the serum levels of
albumin, we classified patients into a high-albumin (>37 g/L)
group and a low-albumin group (<37 g/L). Except for a higher
proportion of patients who experienced LDH elevation (P=0.024)
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Table 1. Characteristics of included patients.

High albumin Low albumin

Characteristic (=37 g/L) (<37 g/L)

<60 years 103 (91.2%) 91 (92.9%) 12 (80.0%)

(61.1

(38.9
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Table 1 continued. Characteristics of included patients.

Months from diagnosis to ASCT (median, range) 8 (3-99) 8 (3-99) 14 (5-39) 0.125
Priorregimens oy
"""" s 78 (e90% 70 (714%) 8 (33%)
"""" s.0 30 @65% 25 (255% 5 (33%)
"""" >0 5@  361%  2@3%
CDiseasestatus . o;e
"""" ®  sa@ew s (20% 3 @o%
"""" PRNR 59 (522%) 47 (480%) 12 800%)
* Conditioning regimens ~ opsa
"""" BEAM 23 (04% 20 (04%) 3 @oo%)
"""" BEAC 31 Q74w 28 (86% 3 oo%)
"""" @ 30 @65% 29 (06%  1.67%
"""" cHoPdke 27 (39%) 20 (04%) 7 @67%)
"""" Others 208w  100%  167%

hieme ey @l s (0, =t T 527 (2.11-1570) 527 (2.11-1570)  5.14 (3.69-7.10) 0.381

and range)

Maintenance therapy 0.366
"""" Yes a @72% 38 (88%W 4 (267%
”””” N 7128 60 (612% 1 (33%)

* P<0.05. ASCT — autologous stem cell transplantation; BEAC — carmustine, etoposide, cytarabine, and cyclophosphamide;
BEAM — carmustine, etoposide, cytarabine, and melphalan; BMI — body mass index; CHOP — cyclophosphamide, anthracycline,
vincristine, and prednisone; CBV — cyclophosphamide, carmustine, and etoposide; CR — complete remission; ECOG PS — Eastern
Cooperative Oncology Group performance status; HL — Hodgkin lymphoma; IPI — international prognostic index; LDH — lactate
dehydrogenase; NHL — non-Hodgkin lymphoma; NR — no response; PR — partial remission.

and a lower proportion of patients who achieved CR (P=0.026)
in the low-albumin group, the patient characteristics were not

Other Prognostic Factors

significantly different between the 2 groups (P>0.05). Survival
analyses indicated that the low-albumin group had significant-
ly inferior PFS and OS (P<0.01) (Figure 1C, 1D). The 3-year PFS
after transplantation was 76.8% in the high-albumin group and
40.0% in the low-albumin group (P=0.001). The 3-year OS af-
ter transplantation was 86.4% in the high-albumin group and
59.3% in the low-albumin group (P=0.009). The incidences of
early progression (progressed within 1 year after transplanta-
tion) were 53.3% in the low-albumin group and 14.3% in the
high-albumin group. Serum albumin level significantly predict-
ed early progression, with an area under curve (AUC) of 0.706
(P=0.003). Low albumin (<37 g/L) significantly predicted ear-
ly progression, with a sensitivity of 63.6% and a specificity of
92.3% (AUC=0.643, P=0.037).
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To further investigate the prognostic role of albumin and oth-
er factors, we performed Cox proportional hazard regression
analysis for PFS and OS. Univariate analysis showed that a low
albumin level before transplantation (hazard ratio [HR] 3.29,
95% confidence interval [CI] 1.60-6.79; P=0.001), total protein
level <60 g/L (HR 2.25, 95% Cl 1.07-4.76; P=0.033), and age
>60 years (HR 3.06, 95% Cl 1.34-6.97; P=0.008) were signifi-
cant risk factors for PFS. Sex, body mass index (BMI), lympho-
ma subtype, ECOG PS score, Ann Arbor stage, B symptoms, IPI
risk score, LDH elevation, bone marrow involvement, disease
duration from diagnosis to transplantation, number of prior
regimens, disease status, globulin level, albumin/globulin ratio,
conditioning regimens, dose of infused mononuclear cells, and
maintenance therapy were not significantly associated with PFS
(P>0.05). Multivariate analysis indicated that low albumin level
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Figure 1. Post-transplantation outcome of patients and the prognostic role of serum albumin level. (A) Progression-free survival
(PFS) of all included patients after transplantation. (B) Overall survival (OS) of all included patients after transplantation.
(C) Comparison of PFS for patients in the low albumin group (albumin <37 g/L) and the high-albumin (albumin >37 g/L)
group. (D) Comparison of OS for patients in the low albumin group and the high-albumin group. OS — overall survival;
PFS — progression-free survival. All of the figures are created with GraphPad Prism version 6.01 (GraphPad Software, San

Diego, CA).

before transplantation (HR 3.19, 95% Cl 1.54-6.63; P=0.002)
and age »60 years (HR 2.92,95% Cl 1.27-6.71; P=0.012) were
independent risk factors for PFS. The results of univariate and
multivariate analyses for PFS are shown in Table 2. For OS, uni-
variate analysis suggested that low albumin (HR 3.29, 95% CI
1.28-8.46; P=0.013) and TP <60 g/L (HR 3.57, 95% Cl 1.45-8.78;
P=0.006) were associated with inferior OS; multivariate anal-
ysis indicated that TP < 60 g/L was an independent risk factor
(HR 3.57,95% Cl 1.45-8.78; P=0.006; Table 3).

Since most of the included patients (70.8%) were diagnosed
with B-cell NHL, we performed additional Cox regression anal-
yses in this subgroup of patients. Univariate analysis showed
that age >60 years (HR 3.37, 95% Cl 1.41-8.06; P=0.006), high
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IPI risk (HR 3.39, 95% Cl 1.13-10.18; P=0.029), LDH elevation
(HR 2.52, 95% Cl 1.18-5.40; P=0.017), bone marrow involve-
ment (HR 3.09, 95% Cl 1.16-8.24; P=0.024), disease status of
PR or NR before transplantation (HR 2.65, 95% Cl 1.21-5.80;
P=0.015), albumin <37 g/L (HR 3.29, 95% Cl 1.47-7.37, P=0.004),
and TP <60 g/L (HR 2.81, 95% Cl 1.26-6.27; P=0.012) were sig-
nificantly associated with poorer PFS (Table 4). LDH elevation
(HR 3.29, 95% Cl 1.19-9.09; P=0.021), bone marrow involve-
ment (HR 4.84, 95% ClI 1.55-15.11; P=0.007), and TP <60 g/L
(HR 4.65, 95% Cl 1.72-12.59; P=0.002) were significantly as-
sociated with poorer OS (Table 5). Multivariate analysis indi-
cated that age >60 years (HR 4.06, 95% Cl 1.67-9.86, P=0.002)
and albumin <37 g/L (HR 3.22, 95% Cl 1.42-7.29; P=0.005)
were independent risk factors for PFS; TP <60 g/L (HR 3.74,
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Table 2. Results of univariate and multivariate Cox regression analyses for progression-free survival.

Univariate analysis Multivariate analysis
Characteristics

Maintenance therapy 1.20 (0.63-2.31) 0.575

* P<0.05. BEAC — carmustine, etoposide, cytarabine, and cyclophosphamide; BEAM — carmustine, etoposide, cytarabine, and melphalan;
BMI — body mass index; CHOP — cyclophosphamide, anthracycline, vincristine, and prednisone; CBV — cyclophosphamide, carmustine,
and etoposide; CR — complete remission; ECOG PS — Eastern Cooperative Oncology Group performance status; HL — Hodgkin
lymphoma; HR — hazard ratio; IPI — international prognostic index; LDH — lactate dehydrogenase; NHL — non-Hodgkin lymphoma;

NR — no response; PFS — progression-free survival; PR — partial remission; TP — total protein.
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Table 3. Results of univariate and multivariate Cox regression analyses for overall survival.

Univariate analysis Multivariate analysis
HR (95%Cl)

Characteristics

Maintenance therapy 0.49 (0.18-1.34) 0.165

* P<0.05. BEAC — carmustine, etoposide, cytarabine, and cyclophosphamide; BEAM — carmustine, etoposide, cytarabine, and melphalan;
BMI — body mass index; CHOP — cyclophosphamide, anthracycline, vincristine, and prednisone; CBV — cyclophosphamide, carmustine,
and etoposide; CR — complete remission; ECOG PS — Eastern Cooperative Oncology Group performance status; HL — Hodgkin
lymphoma; HR — hazard ratio; IPI — international prognostic index; LDH — lactate dehydrogenase; NHL — non-Hodgkin lymphoma;

NR — no response; OS — overall survival; PR — partial remission; TP — total protein.

Indexed in:  [Science Citation Index Expanded] [Index Medicus/MEDLINE]
[Chemical Abstracts] [Scopus]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)




Luo C. et al:
Prognostic role of albumin in lymphoma
© Ann Transplant, 2021; 26: 933365

Table 4. Results of univariate and multivariate Cox regression analyses for progression-free survival in the B-cell non-Hodgkin
lymphoma subgroup.

Univariate analysis Multivariate analysis
Characteristics

Maintenance therapy 1.12 (0.50-2.49) 0.782

* P<0.05. B-NHL — B-cell non-Hodgkin lymphoma; BEAC — carmustine, etoposide, cytarabine, and cyclophosphamide;

BEAM — carmustine, etoposide, cytarabine, and melphalan; BMI — body mass index; CHOP — cyclophosphamide, anthracycline,
vincristine, and prednisone; CBV — cyclophosphamide, carmustine, and etoposide; CR — complete remission; ECOG PS — Eastern
Cooperative Oncology Group performance status; HL — Hodgkin lymphoma; HR — hazard ratio; IPI — international prognostic index;
LDH - lactate dehydrogenase; NHL — non-Hodgkin lymphoma; NR — no response; PFS — progression-free survival; PR — partial
remission; TP — total protein.
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Table 5. Results of univariate and multivariate Cox regression analyses for overall survival in the B-cell non-Hodgkin lymphoma
subgroup.

Univariate analysis Multivariate analysis
Characteristics
HR (95%Cl)

Maintenance therapy 0.41 (0.12-1.47) 0.173

* P<0.05. B-NHL — B-cell non-Hodgkin lymphoma; BEAC — carmustine, etoposide, cytarabine, and cyclophosphamide;

BEAM — carmustine, etoposide, cytarabine, and melphalan; BMI — body mass index; CHOP — cyclophosphamide, anthracycline,
vincristine, and prednisone; CBV — cyclophosphamide, carmustine, and etoposide; CR — complete remission; ECOG PS — Eastern
Cooperative Oncology Group performance status; HL — Hodgkin lymphoma; HR — hazard ratio; IPI — international prognostic index;
LDH - lactate dehydrogenase; NHL — non-Hodgkin lymphoma; NR — no response; OS — overall survival; PR — partial remission;

TP — total protein.
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95% Cl 1.35-10.38; P=0.011) and LDH elevation (HR 2.83, 95%
Cl 1.003-8.01; P=0.049) were independent risk factors for OS.

Discussion

The major finding of this study was that low serum albumin
level before transplantation was a valuable prognostic factor
in patients with lymphoma undergoing HDT/ASCT. Low albu-
min levels in patients were associated with significantly infe-
rior PFS and OS after transplantation. In addition, the serum
level of albumin before transplantation predicted disease pro-
gression within 1 year after HDT/ASCT. Low albumin (<37 g/L)
significantly predicted early progression with a high specific-
ity of 92.3%. Moreover, multivariate analyses indicated that
low albumin and age >60 years were independent risks fac-
tor for PFS and low TP was an independent risk factor for 0S
in the B-NHL subgroup and in the entire cohort.

To the best of our knowledge, this is the first study exploring
the prognostic value of serum albumin levels before trans-
plantation in patients with lymphoma undergoing HDT/ASCT.
Multiple retrospective studies reported that low pretreatment
albumin levels (lower than 3.5 g/dL or 3.7g/dL) are associat-
ed with poorer PFS and OS in patients with DLBCL, mantle cell
lymphoma (MCL), peripheral T-cell lymphoma, and HL treat-
ed with conventional chemotherapy or immunochemotherapy
[12,20-24]. In patients with a low or low-intermediate IPI-risk
lymphoma, serum albumin levels at diagnosis could identify
a subgroup of patients with remarkably better outcomes, in
whom the 5-year OS is higher than 90%, indicating that al-
bumin level is a useful prognostic factor that could improve
the IPI-risk stratification [13,25]. Above all, the prognostic val-
ue of serum albumin level at diagnosis has been well estab-
lished. However, the serum levels of albumin change during
treatment. For example, in patients diagnosed with DLBCL and
treated with R-CHOP (rituximab, cyclophosphamide, doxoru-
bicin, vincristine, and prednisone), the serum levels of albu-
min were significantly different between cycle 1 and cycle 2
[26]. In our cohort, patients with refractory disease who re-
ceived more cycles of chemotherapy had lower levels of al-
bumin before transplantation. Until now, the prognostic role
of pre-transplantation albumin level in patients undergoing
HDT/ASCT has been unclear. The results of our present study
showed that low pre-transplantation albumin levels were as-
sociated with extremely poor outcome after HDT/ASCT, sug-
gesting that caution should be used in scheduling these pa-
tients for HDT/ASCT. Intensive care, nutritional support, and
effective maintenance therapy after transplantation are re-
quired for these patients.

The possible mechanisms by which pre-transplantation al-
bumin level predicted inferior outcome are as follows: low
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albumin levels are associated with poor nutritional status,
more aggressive disease, repeated exposure to the toxicity
of anti-tumor therapy, and decreased tolerance for high-dose
conditioning regimens. Undermined tolerability from malnu-
trition is a common concern in patients with advanced ma-
lignancies. Previous studies have reported that malnourished
patients with lymphoma identified by low serum albumin lev-
el or low BMI showed increased risk of chemotherapy-related
complications and inferior treatment outcomes [27-29]. Our
study failed to identify any significant association between
BMI and post-transplantation outcome, suggesting that com-
pared with BMI, albumin level would be a more sensitive pa-
rameter to reflect nutritional status in patients who have re-
ceived multiple chemotherapy regimens. The serum albumin
level is regulated by the rate of synthesis, degradation, and
transvascular distribution [30]. It has been reported that the
rate of albumin synthesis and transcapillary escape are simi-
lar in healthy individuals and patients with cancer, but the in-
flammatory response present in patients with advanced malig-
nancies causes progressive loss of albumin [31,32]. Therefore,
in addition to predicting the malnutrition status of a patient,
a low albumin level may play a more important role in reflect-
ing a more aggressive phenotype of the disease.

A low serum level of TP before transplantation is also a pre-
dictor of inferior outcome after ASCT in patients with lym-
phoma. Our results of Cox regression analyses show that TP
<60 g/L was an independent risk factor of death, but no sta-
tistically significant association was found between TP lev-
el and PFS. A previous study suggested that TP is a superior
predictor for survival than albumin in patients with lympho-
ma [33]. TP and albumin are commonly used laboratory param-
eters that are relatively convenient to collect in clinical prac-
tice. The integration of albumin with TP could be more helpful
for outcome prediction after ASCT. Moreover, our data showed
that age was a prognostic factor in patients with lymphoma
undergoing ASCT. In our cohort, patients with age >60 years
had significantly poorer outcomes than did younger patients,
which is consistent with the results from another retrospec-
tive study [34]. Since the feasibility and efficacy of ASCT in se-
lected elderly patients with lymphoma were established, the
number of transplants in elderly patients has continuously in-
creased over the past 2 decades [35-38]. Advanced age is no
longer considered a contraindication for ASCT. However, old-
er patients do have an increased incidence of complications
and higher transplantation-related mortality [39]. Therefore,
the selection of elderly patients for HDT/ASCT should be done
cautiously, and, to improve survival, particular supportive care
after ASCT is required for elderly patients with low serum lev-
els of TP and albumin. Our study did not identify a statistical-
ly significant association between IPI score and survival out-
comes after HDT/ASCT, which is consistent with the results of
several previously published studies [40-42]. These combined
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results indicate that ASCT can overcome the disadvantageous
effect of high-IPI risk on the survival of patients with lympho-
ma. The reason may be that the improvements of outcomes
following hematopoietic stem cell transplantation are more
distinguished in patients with high-IPI risk [4].

In addition to the above-mentioned parameters, we also in-
vestigated the prognostic role of different conditioning regi-
mens and the use of rituximab. Our results suggested that the
differences in conditioning regimens did not significantly af-
fect PFS and OS after ASCT in patients with lymphoma, which
is similar to the results from several other retrospective stud-
ies [43,44]. The choice of conditioning regimens for patients
with lymphoma is largely dependent on institutional experi-
ence, and studies comparing the effects of different regimens
have had prominent heterogeneity in study design, with often
inconsistent results [45]. The optimal conditioning regimens
for patients with different subtypes of lymphoma still need
to be investigated in well-designed studies. In addition, only
38.8% patients with B-cell lymphoma in our cohort received
rituximab during induction therapy, and our results of sub-
group analyses suggested that rituximab induction was not a
significant prognostic factor for PFS or OS in patients under-
going HDT/ASCT, which is consistent with the results of some
retrospective studies from other centers [34,42]. The reason
can be due to the heterogeneity in patient characteristics in
our study, which resulted from the retrospective design, and
the subgroup of patients receiving rituximab during induction
therapy may have had more aggressive subtypes and high-
er risk of disease. Moreover, the significant improvements in
survival outcomes with HDT/ASCT may offset the differences
in prognosis from rituximab use. Since the proportions of pa-
tients receiving different conditioning regimens and receiving
rituximab during induction therapy were not significantly dif-
ferent between the low-albumin group and the high-albumin
group and the multivariate Cox regression analysis indicated
that low albumin level was an independent risk factor, the dif-
ferences in conditioning regimens and rituximab use did not
affect our results and conclusions.

The value of post-transplant maintenance therapy in patients
with lymphoma undergoing ASCT differs based on the disease
subtypes and agents applied. In our cohort, rituximab, IFN-a,
or CIK cells were used as maintenance therapy in a subgroup
of patients, but the results of Cox regression analysis did not
show any significant improvements in PFS and OS. A series
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of randomized controlled trials showed that rituximab main-
tenance therapy after ASCT significantly improved PFS in pa-
tients with rituximab-naive, chemo-sensitive FL and MCL with-
out evidence of rituximab resistance but did not significantly
affect survival outcomes in patients with relapse or refrac-
tory DLBCL [9,10,46,47]. For patients with HL, consolidation
with brentuximab vedotin after ASCT significantly prolonged
PFS [11]. Based on this evidence, an expert panel from 3 lead-
ing international organizations in the field of hematopoietic
cell transplantation recommended post-ASCT rituximab main-
tenance in patients with rituximab-naive FL and MCL under-
going upfront ASCT and recommended brentuximab vedotin
maintenance/consolidation in high-risk HL; however, no post-
transplantation maintenance was recommended for DLBCL [48].
Although the combination of IFN-a or CIK cells with traditional
chemotherapy was reported to improve treatment outcomes
in patients with lymphoma, results from a randomized con-
trolled trial suggested that post-ASCT IFN-o did not improve
outcomes, and, to the best of our knowledge, no randomized
controlled trials investigating the effects of post-ASCT CIK-cell
maintenance have been conducted [49-51]. Bortezomib main-
tenance after ASCT in patients with MCL also did not show any
significant improvements [52]. Therefore, the offer of post-AS-
CT therapies with new agents is recommended only in clinical
trials [48]. Additional well-designed prospective studies are re-
quired to establish the value and the optimal regimen of post-
ASCT maintenance therapy.

Conclusions

In conclusion, for patients with lymphoma undergoing HDT/
ASCT, low serum albumin level before transplantation was
found to be an independent prognostic factor predicting poor
outcome. For decision-making in clinical practice, it should be
considered that patients with low albumin levels may not ben-
efit from HDT/ASCT as much as would patients with normal
albumin levels. Intensive care, nutritional support, and effec-
tive maintenance therapy may be helpful in improving post-
transplantation outcomes for these patients.
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