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ABSTRACT
Objective: To explore pre–hematopoietic stem cell transplant (HSCT) demographic, disease, and psychological factors predic-
tive of future transplant regret and to determine post-HSCT variables associated with regret.
Patients and Methods: HSCT candidates participated in a prospective cohort study (June 2008–October 2013) examining 
health behaviors and HSCT outcomes, including completion of standardized surveys at pre-HSCT (baseline) and 1-year post-
HSCT. Cases were participants that endorsed regret at 1-year post-HSCT follow-up, and controls were participants without regret 
at 1 year, matched on age, sex, and transplant type. For cases and controls, pre-HSCT psychosocial evaluations were abstracted 
from the electronic health record and coded to determine the Psychosocial Assessment of Candidates for Transplantation score, 
psychosocial stressors, and mental health diagnoses. The association of selected factors with regret was estimated with odds 
ratios and 95% confidence intervals from conditional logistic regression models.
Results: At post-HSCT, 49 participants of 638 endorsed transplant regret (8%) and formed the case group; 98 controls were 
matched from remaining participants. Cases and controls were well matched on age (56.6 vs. 57.2 years), sex (both groups 34.7% 
female), and transplant type (both groups 81.6% autologous). After controlling for the number of hospitalizations and active 
treatment status, conditional logistic regression revealed that patients who endorsed regret were 3.7 times (95% CI = 1.37–9.69, 
p = 0.008) more likely to not be in remission compared to controls at 1-year post-HSCT.
Conclusion: Matched case–control analyses revealed that no pre-HSCT variables collected during the pre-HSCT evaluation 
period were predictive of transplant regret, while poorer outcomes at 1-year after transplant were associated with regret.

1   |   Introduction

Hematopoietic stem cell transplant (HSCT) is a well-established 
and increasingly utilized procedure to address malignant 

and non-malignant conditions [1]. Despite being a potentially 
life-saving procedure, the intense nature of HSCT-related 
procedures challenges patients' ability to adhere to medical in-
terventions and healthcare provider recommendations prior to 
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and well after HSCT [2–4]. Intensive conditioning regimes, high 
chemotherapy doses that may cause drug toxicities, infections, 
and immunodeficiency complications as well as the long recov-
ery process post-HSCT, remain common experiences for many 
patients [5, 6].

Depending on the clinical presentation, individuals may have 
several treatment options to consider, while others may be 
debating between pursuing HSCT and palliative measures. 
Given the treatment decisions individuals with cancer must 
make, regret has been an area of interest for researchers across 
varying cancer populations [7]. Regret, as it relates to cancer 
and medical decision making, has been defined several ways; 
however, Connolly and Reb have noted that most definitions 
include four parts: (1) regret will be avoided when possible, 
(2) it includes emotional and cognitive components, (3) it is 
unique from concepts of negative affect including disappoint-
ment, and (4) there is a comparison between the decision and 
another option [8].

Although much of the regret literature has looked at non-
hematological cancer populations [7], a small body of research 
has examined regret in patients undergoing HSCT [9, 10]. 
Overall, these studies suggest that regret occurs in a small 
percentage of cases. In a study exploring regret at 100 days, 
5 months, and 12 months post-HSCT, 6%–8% of patients en-
dorsed regret at each timepoint [9]. In a sample of HSCT 
survivors (mean years since transplant = 5.7 years, SD = 3.4, 
range = 1–14 years), 9.2% of patients who underwent allogenic 
transplantation reported regret in the past 7 days [10]. Findings 
suggest that individuals with lower quality of life and house-
hold income, greater depressive symptoms and number of 
medical care visits, and those who experienced graft-versus-
host disease (GVHD) or recurrence following transplant were 
more likely to endorse regret [9, 10]. In a qualitative study of 
25 patients exploring the impact of experimental stem cell 
transplant, no patients reported regret related to undergo-
ing transplant because HSCT was viewed as an opportunity 
to lengthen their lives or as their only option [11]. However, 
themes of regret did emerge relative to post-transplant physi-
cal and cognitive changes [11]. These findings underscore the 
complex decision-making process to pursue HSCT as well as 
the evolving emotional and cognitive appraisals of the deci-
sion following the procedure.

Given the small number of studies that have examined HSCT 
regret, and the varying methodologies used, the prevalence 
and predictors of transplant regret are unknown. Therefore, 
the first aim of the study was to document the prevalence 
of regret and explore demographic, disease, and psychologi-
cal factors at pre-transplant that may be predictive of regret 
1-year post-HSCT. Our second aim was to determine if post-
transplant variables were associated with regret 1-year post-
HSCT. Additionally, we sought to address two gaps in the 
current literature by including individuals who received either 
allogeneic or autologous transplant and by utilizing multiple 
sources of information including medical record abstraction, 
self-report, and mental health data obtained by diagnostic in-
terview with a licensed mental health provider. We hypoth-
esized that the individuals who had greater psychological 
burden (e.g., mental health diagnosis), more stressors, lower 

Psychosocial Assessment of Candidates for Transplantation 
(PACT) score, and those with greater disease severity at pre-
transplant would be more likely to endorse future regret. We 
also hypothesized that individuals with complications post-
transplant (e.g., GVHD, unplanned hospitalizations) would be 
significantly more likely to endorse regret.

2   |   Methods

The parent study was a prospective cohort study of 1000 indi-
viduals preparing to undergo HSCT at a large academic med-
ical center in the Midwest that examined health behaviors 
prior to and 1 year following HSCT. Given the significant re-
sources required to abstract psychological and social work re-
cords, we conducted a case–control analysis nested within the 
cohort. Nested case–control studies are advantageous in situ-
ations such as this while minimally impacting statistical per-
formance [12]. Age, sex, and transplant type were selected as 
matching variables through discussions with our multidisci-
plinary team with the goal of reducing the chance of biased 
comparisons in the nested sample. The advantage of matching 
is to optimize group equivalency when studying a rare out-
come. All participants provided written informed consent. 
The protocol was approved by the Mayo Clinic Institutional 
Review Board.

Of the 1000 people who enrolled in the parent study, 870 (87%) 
completed study surveys prior to HSCT (defined as baseline). 
Among the people who completed baseline questionnaires, 
638 (73%) completed and returned the 1-year follow-up survey. 
Forty-nine of these participants endorsed regret (cases). The 49 
cases were matched 1:2 with participants who did not endorse 
regret at the 1-year follow-up [13, 14] which resulted in a final 
sample size of 147. We successfully matched all participants on 
age (±2 years), sex, and transplant type (allogeneic vs. autolo-
gous) to account for potential confounding variables.

Following matching, psychosocial clinical data, including psy-
chological and social work records in the year prior to transplan-
tation, were reviewed and abstracted. Psychological evaluations 
included psychiatric diagnostic interviews inclusive of mental 
health diagnosis using the Diagnostic and Statistical Manual 
of Mental Disorders IV (DSM-IV) [15]. Two authors (J.L.K., 
H.C.E.) independently rated each participant on the PACT 
[16, 17] measure based on the available clinical records. Rating 
disagreements were discussed with the senior author (S.L.E.), 
and consensus was achieved.

2.1   |   Measures

2.1.1   |   Demographic and Disease Characteristics

Demographic characteristics and hospitalizations were ob-
tained through self-report, respectively, at baseline and 1-year 
post-HSCT. Hospitalizations were defined as staying at least 
one night in the hospital. Transplant-specific information (e.g., 
conditioning regimen, GVHD, disease) was obtained from the 
institution's transplant center, which collects data related to the 
transplant procedure and its outcomes.
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2.1.2   |   Functional Assessment of Cancer 
Therapy—Bone Marrow Transplant (FACT-BMT)

The FACT-BMT assesses health-related quality of life in trans-
plant recipients [18] and was completed at 1-year post-HSCT. 
The survey assesses several domains including physical, so-
cial, emotional, and functional wellbeing as well as provides a 
transplant-specific subscale [18]. The FACT-BMT also assesses 
factors that are not included in the subscale scores including, “I 
regret having the bone marrow transplant” which was used to 
quantify the presence of transplant regret in this sample.

2.1.3   |   Psychosocial Assessment of Candidates 
for Transplantation (PACT)

The PACT was originally developed to rate solid organ transplant 
acceptability [19], but was adapted for use in HSCT populations 
[16, 17]. It has been recognized as a useful tool for identifying 
patients who may need support or resources. The measure as-
sesses candidate acceptability on eight domains including fam-
ily/support system stability and availability, psychopathology, 
risk for psychopathology, healthy lifestyle, drug and alcohol use, 
compliance with medication and medical advice, and knowl-
edge and education of the transplant process. Final PACT scores 
range from 0 (poor candidate) to 4 (excellent candidate).

2.2   |   Statistical Analyses

IBM SPSS for Windows, Version 28 (IBM Corp., Armonk, NY, 
USA) was used to conduct statistical analyses. Participant demo-
graphic, disease, and quality of life characteristics were summa-
rized using descriptive statistics. Responses to several variables 
(e.g., ECOG, race, PACT score, number of hospitalizations) 
were collapsed due to small cell counts to dichotomous vari-
ables. Conditioning regimen was collapsed into three groups: 
BEAM, Melphalan, and Other. To explore group differences be-
tween those who endorsed regret and those who did not endorse 
transplant regret, conditional logistic regressions with 95% con-
fidence intervals were performed. A multivariate conditional 
logistic regression was run to explore the odds of regret for all 
variables that were significant in univariate models.

3   |   Results

Approximately 8% of the individuals (n = 49) in the original co-
hort who underwent HSCT transplant reported regret at 1 year. 
Individuals who endorsed transplant regret tended to be middle 
aged (mean = 57 years ±10 years), White (n = 44, 90%), married 
or partnered (n = 44, 90%), diagnosed with multiple myeloma 
(n = 22, 45%) and underwent autologous transplant (n = 40, 82%). 
Forty-five percent of people who endorsed regret were still com-
pleting treatment 1-year post-transplant, and 61% had experi-
enced at least one hospitalization.

Cases and controls were well matched on age (56.6 vs. 57.2 years), 
sex (34.7% female for both groups), and transplant type (81.6% 
autologous for both groups). Forty percent rated their health at 
1-year post-HSCT as “excellent” or “very good” and over half 

of patients reported no hospitalizations in the year since trans-
plant. Disease and demographic data by group are provided in 
Table 1.

Prior to HSCT, 73% of patients completed a psychological evalu-
ation with a diagnostic interview to detect the presence of men-
tal health diagnoses and other psychosocial stressors that may 
impact the transplant trajectory. The overall prevalence at the 
pre-HSCT evaluation of at least one mental health diagnosis was 
similar between the regret and no regret groups (39% and 42%, 
respectively). Although the cell sizes were small, the group of 
patients who went on to develop regret had a higher prevalence 
of co-occurring mental health diagnoses at baseline (16% vs. 
8%). The median PACT score for patients who endorsed regret 
was 3 (mean: 2.59, range: 0–4). For those who did not endorse re-
gret, the median PACT score was also 3 (mean: 2.74, range: 1–4).

Conditional logistic regressions were conducted to examine 
whether pre- and post-HSCT disease, demographic, and psy-
chosocial variables were associated with post-HSCT regret at 
1-year follow-up. There was no association for the number of 
mental health diagnoses, number of psychosocial stressors (e.g., 
caregiving/family stress, financial worry, and employment con-
cerns), or PACT score with transplant regret (Table 2). Post hoc 
analyses did not reveal significant group differences based on 
neither mental health diagnostic groups (i.e., depressive, anx-
ious, adjustment, and substance use disorders) nor specific 
psychosocial stressors. Additionally, there were no significant 
group differences based on disease group, pre-HSCT ECOG 
score, or conditioning regimen (Table 2).

In contrast, post-HSCT factors showed a significant pattern of 
association with transplant regret. Participants endorsing re-
gret 1-year post-HSCT were 3.7 times more likely to have been 
hospitalized at least once in the year following HSCT compared 
to individuals who did not endorse regret (Table  2). Similarly, 
patients endorsing regret were 5.8 times more likely to not be 
in complete remission compared to controls. Patients endors-
ing regret were three times more likely to report current active 
treatment compared to controls (who did not endorse regret) 
(Table 2). There were no significant group differences based on 
the occurrence of acute or chronic GVHD.

Multivariate conditional logistic regression analyses found that 
only remission status 1-year post transplant remained signifi-
cant in the model (Table  3). After controlling for the number 
of hospitalizations and active treatment status, patients who 
endorsed transplant regret were 3.7 times (95% CI = 1.37–9.69, 
p = 0.008) more likely not to be in remission compared to con-
trols at 1-year post-HSCT.

Post hoc analyses were conducted to determine if there were 
any differences in findings based on allogeneic or autologous 
transplant. Given the small sample size for allogeneic transplant 
recipients, only univariate models were performed to reduce the 
risk of overfitting the model. There were no significant findings 
for any of the variables of interest, which suggests the model was 
underpowered. For the autologous patients, the same pattern of 
results was observed in multivariate analyses as was seen in 
the combined autologous and allogeneic model. Patients who 
endorsed regret were 3.9 times (95% CI = 1.37–11.30, p = 0.011) 
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TABLE 1    |    Disease and demographic characteristics.

Characteristic

Regret (cases) 
(n = 49)

No regret 
(controls) 

(n = 98)

n % n %

Age at transplant,a 
mean (SD)

56.58 (10.32) 57.19 (10.12)

Sexa

Male 32 65.3 64 65.3

Female 17 34.7 34 34.7

Race

White 44 89.8 94 95.9

Black 1 2.0 1 1.0

Asian/South 
Pacific Islander

1 2.0 0 0.0

Other 1 2.0 1 1.0

Unknown/choose 
not to disclose

2 4.1 2 2.0

Education

High school 
degree/GED or less

14 28.6 26 26.5

Some college 14 28.6 24 24.5

4-year degree 6 12.2 17 17.3

Post-graduate 
studies

12 24.5 28 28.6

Missing 3 6.1 3 3.1

Employment

Not employed 24 49.0 49 50.0

Employed/
self-employed

25 51.0 45 45.9

Missing 0 0.0 4 4.1

Relationship status

Married/partnered 44 89.8 82 83.7

Other 5 10.2 11 11.2

Missing 0 0.0 5 5.1

Diagnosis

Acute leukemia 5 10.2 8 8.2

Amyloidosis 5 10.2 7 7.1

Multiple myeloma 22 44.9 42 42.9

Non-Hodgkin 
lymphoma

11 22.4 27 27.6

Other 6 12.2 14 14.3

(Continues)

Characteristic

Regret (cases) 
(n = 49)

No regret 
(controls) 

(n = 98)

n % n %

ECOG

0 24 49.0 48 49.0

1 24 49.0 42 42.9

2 1 2.0 8 8.2

PACT

0–1 4 8.1 7 7.1

2 18 36.7 32 32.7

3 20 40.8 38 38.8

4 7 14.3 21 21.4

Presence of 1+ 
mental health 
diagnosis

19 38.7 51 41.8

Number of psychosocial stressors

1 17 34.7 32 32.7

2–4 13 26.2 39 39.8

Conditioning regimen

BEAM 14 28.6 30 30.6

Carboplatin/
etoposide

0 0 1 1.0

Melphalan 27 55.1 57 58.2

Busulfan/cytoxan 1 2.0 3 3.1

Busulfan/
fludarabine

1 2.0 0 0.0

Cytoxan/TBI 3 6.1 5 5.1

Cytoxan/TBI/
ATG/fludarabine

1 2.0 0 0.0

Fludarabine/TBI 2 4.1 2 2.0

Transplant typea

Autologous 40 81.6 80 81.6

Allogeneic 9 18.4 18 18.4

Post-HSCT variables

Acute GVHD 7 14.3 10 10.2

Chronic GVHD 1 2.0 7 7.1

Complete 
remissionb

14 28.6 63 64.3

Currently on 
treatmentb

22 44.9 20 20.4

(Continues)

TABLE 1    |    (Continued)
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more likely to not be in remission compared to controls at 1-
year post-HSCT. Cross-sectional post hoc analyses were con-
ducted separately from prospective analyses to explore whether 
regret was associated with emotional wellbeing at the shared 
timepoint of 1-year post-transplant. Regret was associated with 
lower emotional wellbeing (odds ratio: 0.79, 95% CI = 0.71–0.88, 
p < 0.001). Given that we were interested in examining variables 
that may be predictive of regret, cross-sectional variables were 
not entered into the prospective multivariate analyses.

4   |   Discussion

Approximately 8% of patients in the current study endorsed 
transplant regret 1-year post-HSCT, which is consistent with past 
research [9, 10]. The prevalence of mental health diagnoses prior 
to HSCT in cases (39%) and controls (42%) was slightly higher 
than past research, which found that 32.8% of people in oncol-
ogy and hematology settings experienced comorbid psychologi-
cal distress and/or disorder (e.g., depression, anxiety), with the 
specific rates varying by assessment timing and methodology 
[20]. Contrary to hypothesis, our nested case–control analysis 
revealed that mental health diagnosis and pre-transplant stress-
ors were not significantly associated with regret 1-year after 
HSCT. This finding is surprising, as psychological distress has 
been linked to negative outcomes including higher risk of acute 
GVHD, greater transplant-related symptoms, avoidant coping, 
and shorter survival [21–27].

However, as expected, standardized measures indicating a 
lack of improvement in health status after HSCT (i.e., at least 
one hospitalization, the absence of complete remission) were 
consistently associated with regret. Concurrent treatment at 1-
year post-HSCT was also significantly associated with regret, 
whereas the presence of GVHD was not significant in the mod-
els. However, the non-significant GVHD finding may be due 
to the small percentage of patients who experienced GVHD in 
the sample. Overall, these findings suggest that the post-HSCT 
clinical course may be the most impactful factor contributing 
to patients' positive or negative feelings regarding their choice 
to undergo transplant. It can be theorized that the disappoint-
ment or negative emotions associated with a more challenging 

post-HSCT clinical course could lead those who are experienc-
ing regret to question whether they had made the correct choice 
to undergo transplant.

Characteristic

Regret (cases) 
(n = 49)

No regret 
(controls) 

(n = 98)

n % n %

Hospitalization in 
past yearb

30 61.2 32 32.7

Self-report health statusb

Excellent/very 
good

6 12.2 53 54.1

Good 17 34.7 24 24.5

Fair/poor 26 53.1 17 17.3
aDenotes matching factors.
bMeasurement taken at 1-year post-HSCT.

TABLE 1    |    (Continued) TABLE 2    |    Univariate conditional logistic regressions of patients 
who do and do not endorse transplant regret.

Characteristic Odds ratio (95% CI) p

Pre-HSCT variables

Diagnosis

Acute leukemia 1.00 (reference)

Amyloidosis 1.04 (0.06–17.21) 0.98

Multiple 
myeloma

0.74 (0.05–10.41) 0.82

Non-Hodgkin 
lymphoma

0.60 (0.04–8.08) 0.70

Other 0.68 (0.15–3.09) 0.62

ECOG

0 1.00 (reference)

1 1.22 (0.56–2.64) 0.62

2 0.21 (0.02–1.90) 0.16

Conditioning regimen

BEAM 1.00 (reference)

Melphalan 1.03 (0.48–2.19) 0.94

Other 2.65 (0.48–14.58) 0.26

PACT

0–1 1.00 (reference)

2 1.01 (0.25–4.05) 0.99

3 0.95 (0.25–3.66) 0.94

4 0.59 (0.13–2.62) 0.49

Presence of 1+ 
mental health 
diagnosis

0.79 (0.30–2.05) 0.63

Number of psychosocial stressors

1 1.00 (reference)

2–4 0.60 (0.22–1.63) 0.32

Post-HSCT variables

Acute GVHD 2.50 (0.48–13.98) 0.30

Chronic GVHD 0.25 (0.03–2.19) 0.21

Complete 
remissiona

5.76 (2.33–14.22) < 0.001

Currently on 
treatmenta

3.00 (1.42–6.34) 0.004

Hospitalization in 
past yeara

3.72 (1.69–8.19) < 0.001

aMeasurement taken at 1-year post-HSCT.
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In this sample, regret was most strongly influenced by remission 
status at 1-year post-HSCT. In the multivariate model, only re-
mission status remained significant, with the odds of endorsing 
regret being almost four times greater for individuals who were 
not in remission. This is consistent with past research which 
found that post-transplant complications and disease relapse 
were significant predictors of regret [9, 10].

4.1   |   Strengths

Study strengths include a large, prospective cohort of individu-
als who underwent HSCT, which enabled assessment of regret 
prevalence as well as embedding a nested case–control study 
design to better understand factors associated with regret. We 
incorporated both autologous and allogenic transplant recipi-
ents in contrast to past studies of regret in HSCT samples that 
focused exclusively on allogeneic populations [9, 10]. We quanti-
fied mental health diagnoses and psychosocial stressors at pre-
HSCT via abstraction of psychological consult and social work 
notes in the year leading up to transplant.

4.2   |   Limitations

A major study limitation is the small cell sizes for some compar-
isons. The coding of PACT score was based on available psycho-
social notes in the medical record, rather than quantification of 
the score in real time by the mental health provider. Although 
scoring was done by two licensed mental health providers and 
consensus was achieved, retrospective review of these notes 
may have led to documentation bias in scoring. Additionally, 
post-transplant psychosocial functioning was not assessed. The 
emotional wellbeing subscale and the transplant regret item 
both came from the same FACT-BMT quality of life measure, 
and as expected, were highly correlated to each other as quality 
of life domains. Therefore, another limitation of the study was 
that post-transplant mood could not be assessed in the model. 
Transplant regret was quantified by a single item (FACT-BMT), 
therefore a more refined analysis of the construct of regret could 
not be conducted.

4.3   |   Conclusions

The rate of transplant regret in a heterogeneous sample of HSCT 
recipients at 1-year follow-up is consistent with previously pub-
lished rates in allogeneic populations. In this Midwest sample, 
transplant regret may be most reflective of the post-transplant 

clinical course and perceived health status rather than pre-
transplant psychological and social factors. Given these find-
ings, transplant teams can remain confident that required 
pre-transplant evaluation processes appear to be optimized in 
terms of minimizing future transplant regret. Importantly, the 
current findings suggest that clinical interventions should focus 
on post-transplant screening, especially during key timepoints 
such as when learning that the disease is not in complete re-
mission, when patients are preparing to start another treatment, 
or during a hospitalization. Based on the current knowledge, 
the best way to decrease regret is to maximize HSCT success. 
However, additional research is needed to better operationalize 
transplant regret and enhance understanding of the transplant 
regret trajectory, including how pre- and post-HSCT factors may 
contribute to feelings of regret across the cancer care continuum.
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