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Abstract

Psychosocial Assessment of Candidates for Transplant (PACT) is a tool originally developed to 

address psychosocial risks in solid organ transplant recipients and has the potential for application 

to hematopoietic cell transplantation (HCT) recipients. In a retrospective cohort study, we 

reviewed 404 adult allogeneic HCT cases from 2003 to 2014 to identify predictors of adverse 

psychosocial status as determined by PACT. Final PACT rating was poor/borderline (score 0–1) in 

5%, acceptable (score 2) in 22%, good (score 3) in 44%, and excellent (score 4) in 29% recipients. 

In multivariable regression, higher PACT score was associated with White race (odds ratio [OR] 

2.95, P < 0.001), having a related donor (OR 1.61, P = 0.015), and a higher quality of life score 

(OR 1.22/ 10-point increase in FACT-BMT total score, P < 0.001). PACT score correlated with all 

quality of life subscales. The final PACT score was associated with non-relapse mortality (HR 

0.82/ 1-point increase, p = 0.03) in multivariable analysis that considered patient and disease 

factors, but not in models that also included transplant-related factors and performance status. 

PACT score was not associated with overall survival. PACT can be considered as part of a 

comprehensive psychosocial assessment for identifying patients who may require additional 

resources around allogeneic HCT.
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Introduction

Allogeneic hematopoietic cell transplantation (HCT) is a complex treatment with a 

prolonged recovery course. Variables beyond disease and transplant-related risk factors have 

been evaluated as predictors for recovery and transplantation outcomes. The association of 

socioeconomic status and race/ethnicity with access to and outcomes after HCT has been 

previously studied and is well-recognized [1–6]. In addition, psychiatric comorbidities such 

as depression have been reported to impair pre- and post-HCT quality of life (QoL) and are 

associated with non-relapse mortality (NRM) and survival after HCT [7–11]. Other 

psychosocial factors such as lack of a consistent care giver, mental health needs, 

psychological issues such as depression and anxiety, substance abuse, and poor compliance 

may also increase risks of toxicity and adverse outcomes after transplantation but have been 

less well studied. Many patients report high levels of anxiety and distress prior to HCT, 

which can be further exacerbated during the post-transplant recovery phase and interfere 

with their work, family, and social life [12–15]. In a relatively small study, pre-transplant 

emotional support and presence of a committed care giver have been shown to be associated 

with better HCT outcomes [16]. An important aspect of patient selection for HCT frequently 

involves a subjective assessment of psychosocial status and support, and patients who are 

determined to be at high risk for adverse outcomes from this perspective may not be offered 

transplantation. However, validated instruments to specifically assess psychosocial status 

among HCT recipients are not widely utilized since data on their use specifically in HCT 

recipient population are lacking.

Historically, psychosocial evaluations for solid organ transplantations have been conducted 

as a standard of practice for candidacy selection and patient care because there is a limited 

supply of donor organs [17–19]. While there is a lack of a standard instrument, the 

Psychosocial Assessment of Candidates for Transplantation (PACT) scale is a tool that is 

validated and routinely used to stratify psychosocial risk among solid organ transplant 

recipients [19, 20]. It consists of an 8-item rating scale with four sections: social support, 

psychological health, lifestyle factors, and understanding of transplant and follow-up. In 

addition, the instrument can capture the clinician’s assessment of a patient’s substance 

abuse, compliance, and coping strategies. The overall impression of the patient’s suitability 

for transplantation is assigned a final PACT score. While a possible association between 

survival and PACT score has been reported in solid organ transplant recipients [21], there are 

conflicting data on the influence of psychosocial comorbidities on HCT outcomes [22–26]. 

In a previous prospective study, we evaluated the utility of the PACT assessment and 

association of outcomes in HCT recipients [27]. However, this was a relatively small study 

with short follow-up and it did not consider sociodemographic and patient-reported factors. 

We conducted a follow-up study to evaluate the association of pre-transplant PACT 

assessment with HCT outcomes in a larger cohort of allogeneic HCT recipients. In addition, 

we also explored whether baseline demographic, clinical factors, and pre-HCT QoL are 

associated with the PACT score.
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Methods

Patients

From our institutional Blood and Marrow Transplant (BMT) database that prospectively 

collects data on patient demographic, clinical and transplant-related characteristics, we 

identified 610 consecutive adult patients who received their first allogeneic HCT between 

November 2003 and December 2014 and had consented for using their data for research. 

Among these patients, 404 had PACT assessments performed pre-transplantation. Baseline 

characteristics of patients who received and did not receive PACT assessments were 

comparable, although patients who were not assessed were older (median age HCT 52 years 

vs. 50 years, P = 0.01), transplanted in an earlier time period (P < 0.01), were more likely to 

have received a reduced intensity conditioning (RIC) regimen (40 vs. 22%, P < 0.01) and 

peripheral blood as the graft source (47 vs. 34%, P < 0.01). There were also relatively small 

but significant differences in diagnosis for patients who were and were not assessed. Of 

note, there was no significant difference in sex or race/ethnicity between the two groups. 

Finally, 1-year overall survival between the two groups was comparable (P = 0.29). The 

study was conducted under the guidance of the Cleveland Clinic’s Institutional Review 

Board.

PACT Assessment

The PACT assessment was performed pre-transplantation by three BMT Program social 

workers as a part of psychosocial assessment during transplant workup. The scale includes 8 

individual questions which focus on four domains: social support (two questions about 

“support stability” and “support availability”), psychological health (two questions about 

presence of “psychopathology” and “risk for psychopathology”), lifestyle factors (three 

questions about “healthy lifestyle”, “drug and alcohol use”, and “compliance”), and 

understanding of transplant and follow-up (one question about “relevant knowledge”). Each 

question is rated on an ordinal scale from 1 to 5, with a higher score reflective of a more 

positive status. The social worker completes each item and assigns an overall or final PACT 

score, which represents his or her overall impression of the patient’s suitability for 

transplantation [21, 26, 28]. Final PACT rating scores range from 0 (poor candidate) to 4 

(excellent candidate), and is scored independent of the scores assigned to subscales. 

Although the PACT score by itself was not a factor that determined patient candidacy for 

transplantation, it was part of the comprehensive assessment conducted by social workers 

which was considered along with other pre-BMT assessments. We did not track PACT 

scores of patients who did not proceed to HCT.

Definitions

Conditioning regimens and supportive care practices have been reported previously [2, 29–

31]. Disease status at transplant was classified by standard criteria [32]. HCT Comorbidity 

Index (HCT-CI) was used to stratify comorbidity risks [7]. Residence setting at the time of 

transplant (urban vs. rural) was based on Rural Urban Commuting Area (RUCA) 

classification that is based on ZIP Code of residence [33]. Urban areas were defined as 

metropolitan (>50,000 population) or micropolitan (>10,000 population) areas, or small 

town (9999–25,000 population) with 30–49% work commuting flow to an urbanized area 
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[34]. Other areas were classified as rural. The median annual household income was derived 

from the 2010 United States Census data based on ZIP Code of primary residence at the 

time of HCT [35]. Data on actual income or educational status were not available. 

Measurement of QoL at baseline was based on Functional Assessment of Cancer Therapy-

Bone Marrow Transplantation (FACT-BMT), that is composed of 50 items in domains of 

physical wellbeing, social/family wellbeing, emotional wellbeing, functional wellbeing, and 

additional concerns [36].

Statistical Analysis

Patient and disease characteristics were compared between patients with and without PACT 

scores using Chi-square or Wilcoxon rank-sum test, and survival with log-rank test.

Correlation of final PACT score with individual PACT scores and quality of life at baseline 

and day 100 was assessed with Spearman correlation. Given the small number of patients in 

PACT score categories of 0 and 1 (total n = 21 [n0 = 3, n1 = 18]), we combined them into 

one group for our analysis. We were interested in addressing two questions. First, whether 

the PACT provided any additional information beyond other baseline characteristics that 

may describe or be a surrogate for a given patient’s psychosocial status. Hence, we evaluated 

the association between final PACT score and its subscales with performance status, other 

clinical factors, place of residence, household income, and total FACT-BMT QoL scores. 

Univariable associations were assessed between PACT score and other characteristics with 

Cochran-Armitage trend tests (binary variables), Cochran-Mantel-Haenszel (CMH) score 

test (categorical variables with 3 or more groups), CMH correlation test (ordinal categorical 

variables), or Jonckheere-Terpstra test (continuous variables); all of these methods look for 

trends as PACT score increases. Ordinal logistic regression analysis was used also to identify 

univariable and multivariable prognostic factors for the final PACT score. Results are 

presented as odds ratio (OR) and 95% confidence interval (CI) for OR. Multivariable 

prognostic factors were identified with stepwise logistic regression with a variable entry 

criterion of P < 0.10 and a variable retention criterion of P < 0.05.

Second, we evaluated the association of PACT total scores and scores of individual subscales 

with HCT outcomes, including overall survival (OS), NRM, and days alive and out of 

hospital in the first 100 days post-transplant. For univariable analysis, OS was estimated 

with the Kaplan–Meier method but compared with Cox proportional hazards analysis to 

account for PACT as an ordinal variable. NRM was estimated with cumulative incidence and 

compared with Fine and Gray regression. Days alive and out of hospital was estimated with 

median and inter-quartile range and compared with Jonckheere-Terpstra test. Multivariable 

analyses were done with Cox regression, Fine and Gray regression, or linear regression 

respectively, to account for the following demographic and clinical factors: age, sex, 

ethnicity/race, median household income, place of residence, HCT-Comorbidity Index, 

disease status, diagnosis, time from diagnosis to transplant, and pre-HCT QoL. We 

performed two separate multivariable analyses without and with transplant characteristics 

(conditioning intensity, donor source and graft source) as a patient’s psychosocial 

assessment may have determined the type of transplant received. We performed analyses 

with the PACT score assigned ordinally (0–1 vs. 2 vs. 3 vs. 4) and categorically (0–3 vs. 4); 
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results were comparable, and results of the former are presented. Analyses were performed 

using the SAS software (version 9.4, Cary, NC, USA) and all P-values were two sided. P < 

0.05 was defined as statistically significant.

Results

Patient Characteristics

The final PACT score was 0–1 in 5% (n = 21), 2 in 22% (n = 87), 3 in 44% (n = 177), and 4 

in 29% (n = 119) patients. Table 1 shows patient characteristics by PACT score. There was a 

significant trend towards higher PACT scores in Whites, patients receiving HCT from a 

related donor, patients with higher median household income, patients with better Karnofsky 

performance status (KPS), and in patients with lower HCT-CI score at transplantation.

Figure 1 shows distribution of PACT subscales for our patient population, where the scores 

ranged from 1 (low) to 5 (high). No patients had a score of 1 for the subscale of family and 

support system availability, since that indicates there is no caregiver support available and 

such patients would not have met our BMT Program criteria for allogeneic HCT. Since the 

final PACT rating is scored independent of the individual subscales, we evaluated their 

correlations to understand whether specific subscales disproportionately contributed to the 

final score. All subscales were significantly (P < 0.001) but modestly correlated with final 

PACT score; the lowest correlation was seen for the subscale that assessed drug and alcohol 

use (R = 0.32) and highest was seen for the psychopathology subscale (R = 0.72).

PACT Assessment and QoL

Patients with higher final PACT scores reported better QoL prior to transplantation, as 

characterized by the total score on the FACT-BMT instrument (Table 1). Table 2 highlights 

the correlation between final PACT score and QoL at baseline and at day + 100 after HCT. A 

significant but weak correlation was observed with all FACT-BMT domains at baseline (R ≤ 

0.22). A similar weak but significant association was observed at day + 100 FACT-BMT 

social wellbeing, emotional wellbeing and total scores.

Predictors of Pre-transplant Psychosocial Status

We were interested in evaluating whether any patient related factors were associated with the 

final PACT score, as it would enable identification of a vulnerable population from a 

psychosocial status perspective. As noted above and in Table 1, patients with better PACT 

scores were more likely to be of White race, receive HCT from a related donor, have higher 

median annual household income, and have a higher KPS score, a lower HCT-CI score at 

transplantation, and a better FACT-BMT total QoL score pre-transplantation. Of note, the 

correlation between KPS score and final PACT score was weak (R = 0.14, P = 0.011). 

Multivariable analyses showed that FACT-BMT total QoL score (per 10-point increase, OR 

1.22 [95% CI 1.12–1.32], P < 0.001), race (White vs. others, OR 2.95 [1.56–5.58], P < 

0.001), and donor relationship (related vs. unrelated, OR 1.61 [1.10–2.37], P = 0.015) 

remained significantly associated with final PACT score. Among variables tested, it is 

notable that age, sex, household income, and place of residence were not predictive of final 

PACT score.
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PACT Assessment and Transplant Outcomes

The median follow-up of our cohort was 45 months (range 7–145 months). Table 3 shows 

HCT outcomes by final PACT score. Patients with higher PACT scores had significantly 

lower NRM (Fig. 2), and although not statistically significant, a trend towards more days 

alive and out of the hospital in the first 100 days after transplantation.

We tested the association of final PACT score with three outcomes in multivariable analyses 

– days alive and out of hospital in first 100 days after HCT, NRM and OS. There was no 

significant association between PACT score and days alive and out of hospital in univariable 

or multivariable analysis (P = 0.09 and 0.32, respectively). For NRM and OS, two sets of 

multivariable models were analyzed. Since psychosocial status may influence decisions 

regarding transplant treatment, the first model included patient and disease related 

characteristics, with the exclusion of KPS score since 12% cases had missing KPS, and it 

was significantly correlated with final PACT score (R = 0.14, P = 0.011) as well as OS and 

NRM. The second model added transplant-related factors, so that we could evaluate whether 

the latter abrogated any association between PACT score and outcomes. In multivariable 

models that considered patient and disease related factors, final PACT score was associated 

with NRM (HR 0.82 per 1-point increase [0.69–0.98], P = 0.03). The second model with 

transplant-related factors led to the similar association although the additional co-variates 

abrogated the statistical significance (HR 0.84 [0.70–1.01], P = 0.06). Of note, when KPS 

score was also considered as a covariate in the multivariable analysis, no association was 

observed between PACT score and NRM in either of the two models. There was no 

significant association between PACT score and OS (HR for each 1-point increase 0.92 

[0.79–1.05], P = 0.18 and 0.90 [0.79–1.04], P = 0.16 in the two models, respectively).

Individual PACT subscale questions were also analyzed for their association with NRM and 

OS in univariable analysis (Table 4). Multivariable analysis showed that only “relevant 

knowledge” was significantly associated with NRM (HR 0.81 per 1-point increase [0.69–

0.96], P = 0.012). None of the subscales was associated with OS in multivariable analyses.

Discussion

The decision-making process for selecting appropriate candidates for allogeneic HCT is 

complex and considers several patient, disease and transplant-related factors, including an 

assessment of social and psychological risk factors. We demonstrate that the PACT 

instrument can provide objective parameters to facilitate psychosocial risk assessment and 

builds on previous work in a smaller cohort of patients published from our center [27]. 

Using the PACT scale, we highlight risk factors that may identify a subgroup of vulnerable 

patients from a psychosocial perspective who may need additional vigilance, support and 

resources to successfully help them navigate the transplantation procedure. We highlight the 

association of PACT score with several aspects of QoL impairments, both at baseline and at 

100 days after transplantation.

In multivariable analysis, race and donor relationship were significantly associated with 

psychosocial status. Whites and patients receiving HCT from related donors had a higher 

final PACT score. Racial minority populations such as Blacks and Hispanics are at risk for 
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healthcare disparities, including disparities in access to and outcomes after HCT [5, 6]. It is 

likely, that these social and healthcare disparities also contribute to adverse psychosocial 

status as these patients present for transplantation. It may not be surprising that patients with 

better psychosocial profile were more likely to have a related donor for transplantation, since 

many of the factors considered in the PACT scale reflect family structure and dynamics, and 

siblings, parents, and/or children may be more likely to donate in the setting of a stable 

family structure. In addition, and not surprisingly, we also found an association between 

QoL and psychosocial status. It is important to note that impairments in social and emotional 

wellbeing domains of QoL persisted through at least day 100 among patients with lower 

PACT scores. This highlights the need for continued support for such patients as they go 

through the transplantation process. Notably, several variables that can be expected to be 

associated with psychosocial status were not found to be associated with PACT score, 

including age, sex, and household income. A larger-scale analysis with more granular 

information may reveal any associations.

In addition to using PACT as a tool to identify patients who are psychosocially high-risk for 

allogeneic HCT, the other question is whether this scale is predictive of transplant outcomes. 

Although there was no association with OS, we did see an association with NRM when only 

patient and disease related factors were considered in the multivariable models. Not 

surprisingly, the association was lost when transplant factors such as donor and graft source, 

conditioning intensity, HLA match, and KPS were included in the analysis. Performance 

status may have reflected psychosocial status in addition to physical reserve for HCT. Also, 

strong psychosocial support may improve a patient’s functional or performance status during 

transplant if patients are recognized to be at risk by the transplant center. One hypothesis is 

that some decisions made by the treatment team considered psychosocial status and patients 

at high risk from this perspective may have been offered “less risky” transplants (e.g., 

preferential use of reduced intensity conditioning), although that was not necessarily the 

case in our cohort. It is also possible that patients with low PACT scores received 

interventions during transplantation that abrogated their risk for adverse transplantation 

outcomes; we did not capture data on follow-up and additional resources that may have been 

used for such patients and future studies will need to evaluate this further. Finally, patients 

who were at the highest risk for poor survival based on low PACT score (e.g., no caregiver, 

serious substance abuse issues) were not offered a transplant and were not included in our 

analysis and may partly contribute to the lack of an association between psychosocial status 

and survival.

Among PACT subscales, “relevant knowledge” was the only one associated with NRM. This 

subscale assesses patients understanding of the transplant process and follow-up, with score 

1 indicating “No idea of what is involved, views transplant as cure, no long-range picture” to 

score 5 “Able to state risks and benefits are realistic”. This finding suggests the importance 

of patient education in the transplant process, including the need for interventions that may 

reinforce relevant aspects of transplant care to patients. We did not have health literacy or 

educational attainment assessments for our patients, and it is possible that some of the effect 

related to this subscale reflected patients’ ability to comprehend the transplant process. 

Irrespective, patients who score low on this subscale may offer an opportunity to improve 

their knowledge of the transplant process which in turn may improve NRM.
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Our findings need to be interpreted in the context of some study limitations. First, we did not 

include patients who received the PACT assessment but did not proceed to allogeneic HCT. 

Psychosocial reasons may have caused patients to decline transplant or not to be offered 

HCT. As noted above, we did not capture some variables that may be associated with 

psychosocial status, such as education, health literacy, more granular metrics of 

socioeconomic status, and cultural factors. The number of racial/ ethnic minorities was small 

to conduct a meaningful analysis. Our BMT Program has integrated full-time social workers 

who actively follow patients through transplantation. We do not have data about inter-rater 

reliability of the PACT assessment. It is possible that we were not able to identify a strong 

association between PACT score and NRM and OS since they are able to support and 

provide resources to psychosocially vulnerable patients. Psychosocial vulnerability may 

primarily affect the transplant experience and ultimate recovery process rather than survival. 

Finally, all patients did not undergo PACT assessment and given the retrospective design of 

our study, we could not ascertain the reason for this. However, OS for patients who did and 

did not undergo PACT assessment were comparable.

Since most BMT Programs have some mechanism of conducting psychosocial assessment 

for HCT recipients, the pragmatic question is how a psychosocial assessment can be 

improved, standardized, and incorporated into routine clinical practice. First, it provides a 

quantitative measure of psychosocial status which can facilitate team discussions about 

patient needs and status. Future observational studies on other psychosocial assessment 

measures such as Transplant Evaluation Rating Scale (TERS) or Stanford Integrated 

Psychosocial Assessment for Transplant (SIPAT) would be warranted to evaluate the best 

way to assess psychosocial risks [37, 38]. The PACT scale or its modified version can serve 

as a tool that facilitates standardization of psychosocial assessment among different clinical 

providers in the same institution and among transplant centers. The ideal timing of 

administration of this tool needs further investigation. At our program, it is routinely 

administered at the time of pre-transplant workup, although an earlier assessment (e.g., at 

the time of consultation and/or donor search) may be desirable so that adverse psychosocial 

factors can be identified and addressed before a patient comes in for transplantation. 

Identifying high psychosocial risk patients based on a standardized psychosocial assessment 

may improve transplant outcomes by providing additional social support and resources to 

vulnerable patients.
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Fig. 1. 
Distribution of PACT subscale scores. Scores range from 1 [low] to 5 [high]
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Fig. 2. 
Non-relapse mortality (a) and overall survival (b) by final PACT score
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