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Abstract
Introduction: There is evidence that lack of a social network is a link to inferior outcomes in cancer
patients. Mayo clinic performs all its stem cell transplants for multiple myeloma patients as an
outpatient. This requires a full-time chaperone or caregiver for the duration of the transplant. Patients
who do not have a caregiver are hospitalized for the duration of the transplant. In this study we compared
outcomes between patients hospitalized for the entire transplant and those who have a caregiver and are
initially managed as an outpatient.

Materials and methods: All patients with multiple myeloma transplanted at the Mayo Clinic in Rochester
Minnesota between 1/1/2000 and 12/31/2019 were included for analysis. Patient had to have been
transplanted within 12 months of the original diagnosis. The de�nition of inpatient transplantation was
hospitalization prior to day 0 of transplantation for conditioning and continued hospitalization until
evidence of neutrophil engraftment occurred.

Results: There were 41 patients who were considered inpatient transplants and 2103 that were outpatient
transplants. The patients were well balanced for age, sex, serum creatinine, and international stage at
diagnosis. For inpatient transplants the median days in the hospital was 21 (interquartile range 18 to
28). For outpatient transplants the median number of days in the hospital was 0 (interquartile range 0 to
6). Relapse free survival was not signi�cantly different between the 2 groups, but overall survival was 95
versus 58 months favoring those that had transplantation as an outpatient (p=.0008). 

Conclusion: There appears to be in association between myeloma patients that lack a caregiver and
require inpatient stem cell transplantation and overall survival.

Introduction
Social network is de�ned as a social structure made of individuals (or organizations) that represents
“nodes” and are associated with one or more types of interdependency, such as family, friendship,
common interests, work, and many more.[12] These social networks can operate at individual level and
provide social support. Social support is considered tangible aid, emotional support, or advice that comes
from one’s social network to bene�t the recipient. which can be considered work together to solve joint
actions.[2] Several studies demonstrate that the presence of the social network or social support structure
results in better overall survival in patients with breast cancer[5] and colorectal cancer[10]. Social
networks appear to have a direct impact on cancer mortality although the speci�c factors contributing to
this bene�t are unclear. A registry study demonstrated that men who were never married have higher
mortality following a cancer diagnosis than married men[8]. Survival in patients with colorectal cancer
that live alone is signi�cantly reduced compared to matched adults that do not live alone.[3] married
patients with multiple myeloma tend to have better overall survival and cancer speci�c survival likely
related to higher in come, education level, insurance, and access to chemotherapy treatment.[11] Our
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suspicion is that lack of a caregiver measures long-term social determinants also determined by marital
status.

Much of the published data of bene�ts of social support networks revolves around non hematologic
malignancies. At Mayo Clinic in Rochester Minnesota a large stem cell transplantation program has been
a in existence for over 30 years. Over the past 25 years the autologous stem cell transplant program for
multiple myeloma has been designed as an entirely outpatient experience. Outpatient transplantation
was designed to allow patients greater control on the timing of medication administration, meal choices
in preparation, and to reduce nosocomial infections. The use of outpatient transplantation has resulted in
an extremely low mortality risk of less than ½ of 1%.[7]

One requirement for a safe outpatient transplantation is the presence of a full-time caregiver or
chaperone. This is essential in case the patient became febrile, hypotensive, or medically unstable. The
caregiver can then contact us to plan for hospital admission. Although outpatient transplantation always
begins in the ambulatory setting patients are hospitalized for a variety of reasons such as uncontrolled
infection, inability to take medications, arrhythmias, and inability to maintain nutrition or hydration.
Caregivers are generally 1st degree relatives or close friends. We do not require the same individual to be
present throughout the transplant course which generally runs 1 month. Patients may develop rotations
of caregivers that will stay 3 to 4 days and may return later. For patients that have no caregiver the entire
transplant procedure is performed as an inpatient. This begins usually on day − 2 with myeloablative
chemotherapy followed by stem cell infusion on day 0 and discharge from the hospital after engraftment
occurs and transfusions are no longer required approximately day + 15.

In this study we postulated that the inability to provide a caregiver during the transplant would act as a
surrogate for a lack of a robust social network, inadequate family support and or social isolation. We
sought to determine if the survival of this subset of patients would be different from those patients that
initiate the transplantation procedure as ambulatory outpatient.

Materials and methods: All patients with multiple myeloma undergoing stem cell transplantation at Mayo
Clinic between 1/1/2000 and 12/31/2019 were included in the analysis. The former date was selected as
it represents the introduction of novel agents for the treatment of multiple myeloma and the latter date
selected to allow a minimum of 20 months follow-up in the assessment of progression-free and overall
survival. Patients were further selected for date of transplantation within 1 year of diagnosis so as not to
skew the overall survival results with patients that had transplantation as a salvage years after diagnosis.
This protocol was approved by the Mayo institutional review Board. All patients gave written consent
according to Minnesota state law for reporting results.

Group comparisons were made using nonparametric statistical analysis. Groups are given as median and
interquartile ranges. Progression-free and overall survival curves were by standard Kaplan Meier
techniques.
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Results
Table 1 provides some of the key clinical parameters for this patient population. The patients are
generally referred to Mayo Clinic after diagnosis and induction therapy. Fluorescent in Situ hybridization
genetics were available on an insu�cient number of patients for accurate comparisons or statistical
analysis. The same was true for the revised international staging system for myeloma where the absence
of LDH makes calculation of the revised stage impossible. Both inpatient and outpatient transplanted
patients did not demonstrate any signi�cant differences in clinical characteristics including age, sex,
serum creatinine, and international stage. The median number of days in the hospital re�ects the
selection criteria for inclusion in the study. The median hospital days for the inpatient group was 21
which would approximately correspond to admission on day − 2 for conditioning chemotherapy and
discharge approximately day + 19 which would allow for both engraftment and nutritional recovery. In the
outpatient group the median number of hospital days was 0 re�ecting the fact that over half of the
patients do not require hospitalization at any time during the transplant procedure. The interquartile range
indicates that 25% of patients required 6 or more days in the hospital. Patient's lacking a chaperone
requiring inpatient transplantation were far more likely to be unmarried. Outpatients were married 80.4%
compared to only 48.6% in patients transplanted as an inpatient.

Table 1
Patient Characteristics

Inpatient transplant N = 41 Outpatient
transplant

N = 2103 P
value

Age median (IQR) 58.6(49.2–
67.5)

  61.0(54.9–
66.6)

0.19

Sex M/F 20/21   1267/836 0.14

Days in Hospital median
(IQR)

21 (18–28)   0 (0–6)  

Creatinine mg/dL median
(IQR)

1.0 (0.8–1.2)   0.9 (0.8–1.1) 0.44

International Stage, % I 23   33 0.40

II 36   37  

III 41   30  

Marital Status Married 48.6%   80.4% < 
0.001

Single Never married 27.0%   8.3%  

Divorced 16.2   6.4  

A linear regression analysis was undertaken for those variables that might predict progression-free and
overall survival in this cohort. The median overall survival of patients transplanted as inpatient was 57.8
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months compared to 95.3 months for those patients transplanted as an outpatient (Fig.1). These
differences were highly signi�cant(p=.0008). The progression-free survival was not different between the
2 groups suggesting that the shorter survival of the inpatient transplant group was unrelated to the
biology of the multiple myeloma and the survival difference occurs well after stem cell transplantation
has been completed.(Fig.2)

Statistical analysis of factors that would be relevant for overall survival was performed and factors that
were signi�cant in the univariable analysis were used in a Cox multi variable analysis of survival. The
factors that were independent predictors of survival included sex, age, and international stage. Inpatient
or outpatient status did not achieve statistical signi�cance in the multi variable analysis. Predictors of
progression-free survival in a multi variable analysis were sex and international stage (Table 2). Other
measures of social determinants that would be considered important including income, education level of
patient and caregiver and type of insurance were not available in our database and may have a
confounding effect on the interpretation of these results

Table 2
Predictors of Overall and Progression Free Survival

Univariable Survival Parameters P value Overall Survival P value Progression Free Survival

Inpatient vs outpatient transplant 0.0008 .13

Sex 0.0002 .015

creatinine .026 .09

age .02 .0007

Revised International stage < .0001 .0001

Marital Status > 0.5 > 0.5

Multivariable Survival Parameters P value overall survival P value progression free survival

Inpatient vs outpatient transplant .12 .75

Sex .008 .047

creatinine .80 .82

age .03 .34

Revised International stage < 0.0001 .0001

Marital status > 0.2 > 0.5

Discussion
In this study we attempted to use lack of a caregiver necessitating inpatient stem cell transplant as a
surrogate for social isolation and detachment. Clearly there will be those patients in whom lack of a
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caregiver merely re�ects work schedules for distance to our medical center. Nonetheless, this simple and
easy to de�ne criteria merits further exploration about a patient’s social network availability of friends
and 1st degree relatives to chaperone a patient through the 4-week episode of stem cell transplantation.
Because of the imbalance in marital status with most inpatient transplants occurring in unmarried
individuals there was initial concern that inpatient and outpatient transplant was merely a re�ection of an
available spouse, however statistical analysis shows that marital status had no impact on progression-
free or overall survival in both the univariate and multivariate models. This would suggest that the social
factors underlying the poor outcomes in the inpatient transplant group go beyond marital status.

Lack of any signi�cant differences in progression-free survival based on inpatient outpatient
transplantation status suggests that this parameter has no impact on the actual underlying biology of the
multiple myeloma and that time to progression is driven by traditionally recognized parameters such as
of age sex, and stage.[1] The discrepancy between PFS and OS suggest a continued impact of lack of
caregiver beyond transplant. Patient's hospitalized for transplantation for lack of caregiver may have a
shorter survival based on related factors such as lack of subsequent transportation for chemotherapy
intensive regimens and they may of necessity receive oral based chemotherapy treatments that reduces
the number of visits required for therapy compared to parenterally administered medications which often
require twice weekly administration. There may also be associations with the type of insurance coverage,
or other socioeconomic factors. Patients that lack hospital caregivers may have di�culty with
transportation to routine ongoing appointments for assessment of therapy related toxicity or evidence of
progression. Those with lower socioeconomic status often have multiple challenges to consistent access
to care and associated with worse outcomes in patient with myeloma.[4] The lack of a statistically
signi�cant difference on multi variable analysis may be related to the small number of patients that
required inpatient transplantation making the statistics under powered for detecting a difference that may
be present with a larger cohort for analysis. A second possibility for the lack of statistical signi�cance is
the powerful impact of stage on outcome in myeloma which may overwhelm other potentially important
variables that could only be demonstrated in a much larger cohort. This type of information would
certainly be available in the Medicare database. The information we present is hypothesis generating and
is not conclusive. Other centers that performed transplantation as an outpatient will need to analyze their
data to see if it is con�rmatory to our results. Irrespective of cause, patients who lack a caregiver at
transplant are vulnerable and behooves clinicians to explore further the rationale and resources for those
individuals.

There have been other publications demonstrating that non biologic variables impact survival in multiple
myeloma such as level of Education.[13] Lack of a social network has also been implicated in increased
mortality in women with breast cancer and how this may occur.[9] Advanced cancer patients with
caregivers enrolled in a clinical trial had lower survival than patients without caregivers.[6] In conclusion,
we believe that patients who are unable to have a caregiver chaperone them through an outpatient stem
cell transplant for multiple myeloma have shortened survival unrelated to the under-pinning biology of the
myeloma. We believe further studies of this population are warranted.
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Figure 1

Overall survival following Stem Cell Transplantation by Hospital Status
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Figure 2

Progression Free survival following Stem Cell Transplantation by Hospital Status


