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Abstract

With advances in supportive care, autologous hematopoietic cell transplant (AHCT) is 

increasingly being performed for patients older than 60 years. We analyzed patients receiving an 

AHCT for multiple myeloma or lymphoma in a contemporary cohort (2010–2012), with consistent 

treatment and supportive care and compared outcomes [CTCAE grade 3–5 toxicities, non-relapse 

mortality (NRM) and overall-survival (OS)] of younger (40–59 years, n=77) versus older (≥60 

years, n=67) recipients. The proportion of patients with neutropenic infections was higher in the 

older group (64% vs. 44%; p=0.02). The proportion of patients with any grade 3–5 toxicity was 

also higher in the older group (84% vs. 67%, p=0.03). In multivariate analysis, older age was 

significantly associated with higher odds (OR: 2.57, 95% CI:1.09–6.05) of grade 3–5 toxicity. The 

NRM was 3% (older) vs. 0% (younger) at one-year. The probability of OS at 2–years was lower in 

the older group (76% vs. 90%, p=0.04). Though AHCT can be performed safely in older 

recipients, the higher toxicity and slightly higher NRM in this population needs attention. Studies 

focusing on risk-stratification in older patients would further help predict toxicity. Further studies 

addressing enhanced supportive care needs for older patients who are most likely to benefit are 

indicated.
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Introduction

High dose chemotherapy and autologous hematopoietic stem cell transplant (AHCT) is an 

effective treatment strategy for many patients with lymphoma and multiple myeloma.1–4 
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However, the procedure continues to be associated with complications, commonly including 

mucositis, infections, hematologic and other organ toxicities.5–8 The risk of morbidity and 

mortality is higher in older AHCT recipients as compared to younger AHCT recipients in 

some studies3, 5, 9, whereas other studies demonstrate similar outcomes in older versus 

younger patients.6–8 Recent advances in HCT strategies with improved supportive care have 

resulted in reduction in non-relapse mortality (NRM) and increased use of HCT in older 

recipients (> 60 years of age).10, 11 Despite these advancements, the true burden of 

morbidity suffered by the elderly population after AHCT is still unknown. Therefore, we 

explored if age played a role in predicting transplantation related toxicity and mortality 

following AHCT. We analyzed patients receiving an AHCT for multiple myeloma or 

lymphoma in a contemporary cohort (2010–2012) receiving consistent treatment and 

supportive care and compared non-hematologic grade 3–5 toxicities [Common Toxicity 

Criteria for Adverse Events (CTCAE)] occurring within one year of AHCT, overall survival 

and NRM between the two groups. We hypothesized that with improved supportive care, 

there would be little or no difference in outcomes of younger (40–59 years) versus older (≥ 

60 years) AHCT recipients.

Patients and Methods

Patients ≥ 40 years of age who underwent an AHCT at the University of Minnesota between 

2010 and 2012 for lymphoma (Hodgkin’s or Non-Hodgkin’s) or multiple myeloma were 

included in the study (n=144). Approval for retrospective chart reviews was obtained from 

the Institutional Review Board (IRB) at University of Minnesota. Patients’ demographic and 

HCT characteristics were retrieved from the University of Minnesota BMT database. Data 

regarding disease status at HCT, pre-HCT co-morbidity index (HCT-CI)12, survival status 

and underlying disease relapse or progression after HCT and non-hematologic grade 3–5 

toxicities occurring within one year of HCT were abstracted through retrospective chart 

reviews. Toxicities were graded using the CTCAE version 4.0 of the National Cancer 

Institute. Adverse events were graded as 0 indicating none, 1= mild, 2= moderate, 3= severe, 

4= life threatening or debilitating and 5= death.

Statistical analysis

The study is a retrospective cohort study. The primary endpoint was proportion of patients 

with grade 3–5 toxicities within one year of AHCT in younger (40–59 years old) versus 

older (≥ 60 years old) groups. Secondary endpoints included time to neutrophil and platelet 

recovery, overall survival, and NRM. Neutrophil recovery was defined as the first day of an 

absolute neutrophil count ≥.5 × 103 /μL for 3 or more consecutive days; platelet recovery 

was defined as the first day of a platelet count ≥20 × 103 /μL without transfusion support for 

7 consecutive days. The patient, HCT and disease characteristics were described using 

descriptive characteristics and proportions between the two groups were compared using 

Fisher’s exact test. The proportion of patients within each category of toxicity and those 

with any grade 3–5 toxicity were compared between groups using Fisher’s exact test. OS 

was determined using the Kaplan-Meier estimation13 with 95% confidence intervals (CIs) 

derived from standard errors. Log rank testing was used to compare survival between the 

two groups. Cumulative incidence functions were used to estimate NRM.14 Multivariable 
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logistic regression modeled the effect of age on the odds of having grade 3–5 toxicity, 

adjusting for other demographic, HCT related and disease related factors associated with 

toxicity incidence.

Results

The study included 144 patients ≥ 40 years old. Demographics and HCT characteristics are 

described in table 1. There were 77 patients in the young (40–59 years old) and 67 patients 

in the old (≥ 60 years old) group. The median age at transplant was 65 years (range 60–76 

years) in the older group and 54 years (range 40–59 years) in the younger group. Median 

follow up time for both cohorts was 730 days. Multiple myeloma was the underlying 

diagnosis in 61% (old) vs 46% (young); non-Hodgkin’s lymphoma in 37% (old) vs 40% 

(young) and Hodgkin’s lymphoma in 2% vs 13% of the old group vs the young group, 

respectively. Patients with multiple myeloma (53%) received high dose melphalan 

(200mg/m2) as the pre-HCT conditioning regimen. 36% of both older and younger patients 

(all non-Hodgkin’s lymphoma) received cyclophosphamide (Cy) with total body irradiation 

(TBI) (Cy 60 mg/kg IV x 2 days plus TBI 165 cGy twice daily x 4 days) and 11% of the 

patients received cyclophosphamide, carmustine & etoposide (CBV: Cy 1500mg/m2/day IV 

x 4 days, Carmustine 300mg/m2 IV day 1 and etoposide 150mg/m2 twice a day IV x 4 days) 

as conditioning regimen prior to HCT. 47% of younger patients compared to 27% of older 

patients were in complete remission at the time of transplant (p=0.02). Over 95% of patients 

in both groups had a Karnofsky performance status (KPS) of ≥ 80% (p=0.46), while 27% in 

the older group versus 22% in the younger group had a HCT-CI comorbidity score of ≥ 3 

(p= 0.72).

Toxicities post HCT

We examined 17 categories of non-hematologic grade 3–5 toxicities in both patient groups 

(Figure 1). The proportion of patients with any grade 3–5 toxicity was compared between 

the two groups. The frequency of each category (total no. (%) of each category of toxicity) 

of toxicity was also compared between the older and younger groups. The proportion of 

patients with any grade 3–5 toxicity was higher in the older group (84% vs. 67%, p= 0.03). 

The frequency of neutropenic infections [infections with abnormal absolute neutrophil count 

(ANC) < 1000/mm3] was also higher in older HCT recipients (64% versus 44%, p= 0.02). 

We did not identify any difference in the frequency of cardiovascular (7% older versus 5% 

younger group, p=0.73), respiratory toxicity (4% older versus 1% younger, p= 0.34), 

mucositis (19% older versus 10% younger, p= 0.16) or other toxicities between the older and 

younger age groups (Figure 1). We also compared the mean number of toxicities suffered by 

patients in older versus younger group. The mean number of grade 3–5 non-hematologic 

toxicities in the older age group [mean: 2.5 (range: 1–5)] was higher than that of the younger 

age group [mean 2 (range: 1–4)], p=0.05.

We evaluated the impact of conditioning regimen (TBI-based versus non-TBI based 

conditioning) on grade 3–5 toxicities. The proportion of patients receiving TBI-based 

conditioning was similar (36% in both old and young) in both age groups. Use of TBI 

resulted in similar proportion of patients with grade 3–5 toxicities in the old and young 
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groups (83% versus 82% in the old and young groups, respectively). In older patients, a high 

proportion of patients experienced grade 3–5 toxicities regardless of the conditioning 

regimen (83% with TBI-based versus 84% with non-TBI-based conditioning). In younger 

patients, a slightly higher proportion (82%) of patients experienced grade 3–5 toxicities 

amongst those who received TBI-based conditioning as compared to those without TBI-

based conditioning (59%).

Risk factors for development of grade 3–5 toxicity

A multivariable regression model was used to determine the odds of having at least one 

grade 3–5 toxicity (table 2). With adjustment for gender and disease, older age (≥ 60 y) was 

associated with significantly higher odds (OR: 2.57, 95% CI: [1.09–6.05]) of developing 

grade 3–5 toxicity. We also calculated predicted probabilities of toxicity based on the odds 

for each variable. The predicted probability of grade 3–5 toxicities within one year (adjusted 

for age, gender and disease) was highest (94%) in females ≥ 60 years with Non-Hodgkin’s 

lymphoma and lowest in males age 40–59 years with Hodgkin’s lymphoma (47%). (Table 

3).

Other outcomes

We also compared time to neutrophil and platelet recovery, overall survival, and NRM 

within the first year post AHCT. There was no difference in time to neutrophil (median 11 

days and 10 days in old and young groups, respectively) and platelet engraftment (median 

18 days and 19 days in the old and young groups, respectively) between the two age groups. 

Two older recipients (cumulative incidence of NRM: 3%, 95% CI: 1–7%) and no younger 

recipients had NRM within one year, p=0.05. After a median follow-up of two years, the 

probability of overall survival at two years was lower in the older group (76%, 95% CI: 65–

87%) vs. younger group (90%, 95%CI: 82–98%), P=0.04.

Overall twenty patients died within first two years of HCT, 14 in the older group and 6 in the 

younger group. All 6 patients in the younger group (5 with lymphoma, received Cy/TBI 

based conditioning; and one with multiple myeloma, received melphalan based 

conditioning) died of relapsed or progressive disease. Amongst the 14 patients in older 

group, 6 patients with multiple myeloma (all received melphalan based conditioning) died of 

relapsed or progressive disease (one also developed endometrial cancer), 5 patients with 

lymphoma (four received Cy/TBI based conditioning, one received CBV based 

conditioning) died of relapsed or progressive disease, two patients with lymphoma (both 

received Cy/TBI based conditioning) died of infections within one year of HCT, and one 

patient with lymphoma (received Cy/TBI based conditioning) died of metastatic urothelial 

cancer about two years after HCT.

Discussion

There is conflicting data regarding toxicity and mortality in older AHCT recipients versus 

younger AHCT recipients.3, 5–7, 9 The purpose of this study was to explore if age played a 

role in predicting transplantation related toxicity and mortality following AHCT for 

lymphoma and multiple myeloma.
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In our analysis, after adjustment for gender and disease, older age was significantly 

associated with higher odds of developing grade 3–5 toxicities. These findings are consistent 

with other studies that reported increased frequency of specific toxicities such as cardiac 

toxicities, arrhythmias and oral or gastrointestinal toxicities among older patients with 

multiple myeloma undergoing hematopoietic cell transplant.5, 15, 16 More frequent 

mucositis, cardiovascular events and neurologic complications have also been reported in 

older patients with lymphoma undergoing AHCT.5, 17–19 Higher toxicity in older patients 

might be explained by the fact that increased age is associated with increased co-morbid 

conditions and physiological changes resulting in diminished cardio-respiratory 

reserve.20, 21 In our study, we did not find higher cardiac or oral or GI toxicities in the older 

versus younger groups. This difference may be because our selected older HCT cohort had 

similar comorbidities (as screened by HCT–CI) and KPS as our younger cohort. We found 

that the older group had a higher frequency of neutropenic infections as compared to the 

younger group, suggesting perhaps immunosenescence in the elderly HCT recipients.22

A multivariable regression model was used to estimate predicted probabilities of grade 3 to 5 

toxicities within one year of HCT. The predicted probability of grade 3–5 toxicities within 

one year was highest in females older than 60 years with Non-Hodgkin’s lymphoma and 

lowest in males 40–59 years with Hodgkin’s lymphoma. Gender specific differences in 

toxicities have been previously reported, and have reported higher toxicities in women.23–25 

The etiology behind these differences are unclear although differences in levels of metabolic 

enzymes and drug pharmacokinetics have been postulated.26 Patients with NHL at our 

institution were more likely to undergo chemotherapy using a TBI based regimen 

(cyclophosphamide and TBI) as compared to other diseases. (93 % of patients with NHL 

versus 0% in Hodgkin’s lymphoma or 0% with multiple myeloma). Higher rates of death 

due to toxicity have been described in older patients with lymphoma undergoing a TBI 

based preparative regimen.27 Another report from Center for international Blood and 

Marrow Transplant Research (CIBMTR) compared different conditioning regimens in 

patients undergoing autologous HCT for lymphoma and reported higher risk of Idiopathic 

Pneumonia Syndrome (IPS) with TBI based regimens in patients with non Hodgkin’s 

lymphoma, and higher mortality in patients with Hodgkin’s lymphoma undergoing an 

AHCT with TBI based conditioning.3 We did not find a difference in toxicity by TBI-based 

versus non-TBI based conditioning in older recipients, however, in younger patients, a 

slightly higher proportion (82%) of patients experienced grade 3–5 toxicities amongst those 

who received TBI-based conditioning as compared to those without TBI–based conditioning 

(59%).

To conclude AHCT can be performed safely in older recipients. However, the higher toxicity 

and slightly higher NRM in this population needs attention. Studies focusing on risk-

stratification in older patients (including geriatric assessments) would further help predict 

toxicity. Further studies addressing enhanced supportive care needs for older patients who 

are most likely to benefit are indicated.
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Figure 1. 
Frequency of grade 3–5 toxicity in the first year post HCT.

Figure shows frequency of each category of toxicity within each age group

Abbreviation: CVS: cardiovascular system, ANC: absolute neutrophil count, HCT: 

hematopoietic cell transplant
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Table 1

Patient demographic and HCT characteristics

Age 40–59
n (%)

Age ≥ 60
n (%)

P

Number 77 (100%) 67 (100%)

Age

 Median 54 65

 Range 40–59 60–76

Gender

 Male 45 (58) 38 (57) .87

 Female 32 (42) 29 (43)

Diagnosis

 Hodgkin’s lymphoma 10 (13) 1 (2) .02

 Non-Hodgkin’s lymphoma 31 (40) 25 (37)

 Multiple myeloma 36 (46) 41 (61)

Disease status at HCT

 Complete Remission 36 (47) 18 (27) .02

 Partial Remission 41 (53) 49 (73)

Conditioning regimen

 CY/BCNU/VP16 13 (17) 3 (4) .05

 CY/TBI 28 (36) 24 (36)

 Melphalan 36 (47) 40 (60)

Karnofsky score

 100 31 (40) 20 (30) .46

 90 29 (38) 32 (48)

 80 12 (16) 14 (21)

 70 2 (3) 1 (1)

 Unknown 3 (4) 0 (0)

HCT comorbidity index

 0 32 (42) 31 (46) .72

 1–2 23 (30) 17 (25)

 ≥ 3 17 (22) 18 (27)

 Unknown 5 (6) 1 (1)

Recipient CMV status

 Negative 28 (36) 25 (37) .99

 Positive 49 (64) 42 (63)

Stem cell source

 PBSC 75 (97) 67 (100) .50

 Marrow+PBSC 2 (3) 0 (0)

HCT year
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Age 40–59
n (%)

Age ≥ 60
n (%)

P

 2010 15 (19) 14 (21) .47

 2011 35 (45) 36 (54)

 2012 27 (35) 17 (25)

Follow-up years

 Median 2.0 2.0 .30

 Range 1.0–3.4 1.0–3.4

Abbreviations: HCT= hematopoietic cell transplantation; CY=cyclophosphamide; TBI=total body irradiation; BCNU= carmustine, VP-16= 
etoposide; CMV= cytomegalovirus; PBSC= peripheral blood stem cell
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Table 2

Multivariable regression modeling odds of having at least one grade 3–5 toxicity

Factor N Odds Ratio 95% CI P

Age 40–59 77 1.00

Age 60–76 67 2.57 1.09 – 6.05 .03

Male 83 1.00

Female 61 2.24 0.96 – 5.24 .06

Multiple myeloma 77 1.00

Hodgkin’s lymphoma 11 0.82 0.21 – 3.18 .77

Non-Hodgkin’s lymphoma 56 2.67 1.07 – 6.68 .04

An odds ratio > 1 represents a greater risk of toxicity.
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Table 3

Predicted probabilities of developing grade 3–5 toxicity from logistic regression model. Actual results from of 

our patient population are displayed for reference.

Age 40–59
male

Age 40–59
female

Age ≥ 60
male

Age ≥ 60
female

Multiple Myeloma Predicted: 52%
Actual: 7/16

Predicted: 71%
Actual: 13/19

Predicted: 73%
Actual: 17/22

Predicted: 86%
Actual: 17/19

Hodgkin’s lymphoma Predicted: 47%
Actual: 3/7

Predicted: 67%
Actual: 2/3

Predicted: 70%
Actual: 1/1

Predicted: 82%
Actual: 0/0

Non Hodgkin’s lymphoma Predicted: 75%
Actual: 16/20

Predicted: 87%
Actual: 9/10

Predicted: 88%
Actual: 12/15

Predicted: 94%
Actual: 9/10
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