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ABSTRACT

Background. Oncology clinicians often struggle with man-
aging medications and vaccinations in older adults with
cancer. We sought to demonstrate the feasibility and pre-
liminary efficacy of integrating pharmacists into the care of
older adults with cancer to enhance medication manage-
ment and vaccination administration.
Methods. We randomly assigned patients aged ≥65 years
with breast, gastrointestinal, or lung cancer receiving first-
line chemotherapy to the pharmacy intervention or usual
care. Patients assigned to the intervention met with a
pharmacist once during their second or third chemother-
apy infusion. We obtained information about patients’
medications and vaccinations via patient report and from
the electronic health record (EHR) at baseline and week
4. We determined the number of discrepant (difference
between patient report and EHR) and potentially inappro-
priate (Beers Criteria assessed by nonintervention

pharmacists blinded to group assignment) medications. We
defined the intervention as feasible if >75% of patients
enrolled in the study and received the pharmacist visit.
Results. From January 17, 2017, to October 27, 2017, we
enrolled and randomized 60 patients (80.1% of patients
approached). Among those assigned to the intervention,
96.6% received the pharmacist visit. At week 4, intervention
patients had higher rates of acquiring vaccinations for
pneumonia (27.6% vs. 0.0%, p = .002) and influenza (27.6%
vs. 0.0%, p = .002) compared with usual care. Intervention
patients had fewer discrepant (5.82 vs. 8.07, p = .094) and
potentially inappropriate (3.46 vs. 4.80, p = .069) medica-
tions at week 4, although differences were not significant.
Conclusion. Integrating pharmacists into the care of older
adults with cancer is feasible with encouraging preliminary
efficacy for enhancing medication management and improv-
ing vaccination rates. The Oncologist 2019;24:211–218

Implications for Practice: Results of this study showed the feasibility, acceptability, and preliminary efficacy of an interven-
tion integrating pharmacists into the care of older adults with cancer. Notably, patients assigned to the intervention had
fewer discrepant medications and were more likely to acquire vaccinations for pneumonia and influenza. Importantly, this
work represents the first randomized controlled trial involving the integration of pharmacists into the outpatient oncologic
care of older adults with cancer. In the future, a larger randomized trial is needed to demonstrate the efficacy of this care
model to enhance medication management and improve vaccination outcomes for older patients with cancer.

INTRODUCTION

Cancer disproportionately affects older adults, and older
patients with cancer often present a distinct set of chal-
lenges for the clinicians caring for them [1]. A complex con-
stellation of medical, physiologic, psychological, and social
support needs can make caring for older patients with

cancer challenging [2–7]. Medication management and vac-
cinations are particularly challenging in an older population
with cancer, often related to these patients’ comorbid con-
ditions, cognitive issues, and immunocompromised state
[8–11]. Chemotherapy and associated supportive care
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medications often add to the risk of adverse drug effects,
drug–drug, and drug-disease interactions, as well as the
risk for impaired immunity and infections in these patients
[12–16]. Although evidence suggests that older adults with
cancer often have complicated medication regimens and
vaccination schedules [9, 12, 13, 15–17], models of care
focused on these needs are lacking.

Most efforts to date addressing medication manage-
ment and vaccinations in older adults with cancer have uti-
lized retrospective data or secondary data analysis [9,
18–21]. Notably, these studies have demonstrated high
rates (over one fifth in most studies) of polypharmacy and
potentially inappropriate medication use and low rates
(under half ) of influenza and pneumonia vaccinations
among older adults with cancer [8, 9, 18–20]. In addition,
data suggest that poor medication management and lack
of vaccinations are associated with adverse clinical out-
comes, such as increased risk of falls, treatment toxicity,
hospitalizations, and even death [9, 20, 22, 23]. Thus, inter-
ventions to address medication management and vaccina-
tions among older adults with cancer are critically needed
in order to enhance care delivery and outcomes for the
rapidly growing geriatric oncology population.

Incorporating clinical pharmacists into the cancer care
of older patients represents a potential option to improve
medication management and vaccination administration
for these individuals [18, 24–27]. However, clinical pharma-
cists are rarely part of older patients’ cancer care team,
despite guidelines recommending their involvement given
their expertise in medication management and appropriate
vaccinations [28]. Additionally, prospective studies are lack-
ing regarding the impact of clinical pharmacists on these
patients’ care. Therefore, further research is needed to
develop and test care models that incorporate clinical phar-
macists into the cancer care of older patients.

We conducted a pilot randomized controlled trial of an
intervention integrating pharmacists into the care of older
adults with cancer, which we called “Pharmacist Reconcilia-
tion to Improve Medication Management in the Elderly”
(PRIME). Specifically, we sought to assess the feasibility,
acceptability, and preliminary efficacy of PRIME for improv-
ing medication management and receipt of appropriate
vaccinations in older adults with breast, gastrointestinal,
and lung cancers. We focused on patients with these can-
cers, as these are highly prevalent in the geriatric oncology
population [29–31]. We hypothesized that PRIME would be
feasible to deliver and that patients would find the inter-
vention acceptable. We also explored the preliminary effi-
cacy for PRIME to improve the accuracy of medication
documentation in the electronic health record (EHR),
decrease use of potentially inappropriate medications, and
increase administration of vaccinations for pneumonia and
influenza.

MATERIALS AND METHODS

Study Design and Procedures
From January 17, 2017 to October 17, 2017, we enrolled
patients at Massachusetts General Hospital (MGH) in a

nonblinded, randomized controlled trial of PRIME versus
usual care (ClinicalTrials.gov identifier NCT02871115).
Trained study staff identified and recruited consecutive
patients during the study period by screening the oncology
clinic and infusion schedules. Study staff sent opt-out
emails to the treating oncologist to confirm eligibility prior
to approaching eligible patients. After patients provided
written informed consent, study staff asked them to com-
plete baseline study measures. Following completion of
baseline study measures, the Office of Data Quality ran-
domly assigned patients in a 1:1 fashion to receive the
PRIME intervention or usual care, stratified by cancer type.
The Dana-Farber/Harvard Cancer Center Institutional
Review Board approved the study protocol.

Participants
Patients eligible for study participation included those who
were at least 65 years of age and receiving outpatient first-
line intravenous chemotherapy at MGH for any-stage
breast, gastrointestinal, or lung cancer. Study participants
also had to be able to read and respond to study question-
naires in English or with minimal assistance from an inter-
preter. We excluded patients who were already receiving
pharmacy services (e.g., had already met with a clinical
pharmacist at the cancer center) or who had significant
psychiatric or other comorbid disease (e.g., cognitive
impairment) that their oncology clinician felt would pro-
hibit participation.

PRIME Intervention
Patients assigned to PRIME participated in one in-person visit
with a clinical pharmacist during their second or third chemo-
therapy infusion, in which the pharmacist (a) performed a
detailed medication and vaccination history (including con-
tacting patients’ primary care clinicians to inquire about vacci-
nations); (b) evaluated patients’ medications, medication
indications, potentially inappropriate medications or doses,
medication duplications, potential prescribing omissions and/
or lack of appropriate medications (e.g., bowel regimen if
prescribed narcotics for pain), drug interactions (e.g., drug–
drug, drug-food, and drug-disease interactions), alternative or
herbal medications, medication adherence, and patient
understanding of safe medication handling (e.g., oral chemo-
therapy); (c) documented their findings in the medical record
(e.g., any medication updates, potential interactions, and rec-
ommendations for medication changes and/or vaccinations
needed based on guidelines [32]); and (d) communicated
their recommendations with the patients’ oncology team
either in person or via phone call and/or email.

Usual Care
Participants receiving usual care could meet with a phar-
macy clinician and/or geriatrician upon request by the
oncologist, patient, or family. Patients with breast, gastroin-
testinal, and lung cancers do not routinely receive pharma-
cist or geriatric consultation as part of standard care at
MGH. All patients, regardless of group assignment, contin-
ued to receive routine oncology care throughout the study
period, and no other initiatives to improve influenza and
pneumonia vaccination rates were active during this time.
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Study Measures

Sociodemographic and Clinical Characteristics
Participants completed baseline study measures prior to
randomization. To describe participant characteristics, we
asked patients to self-report their sex, race, relationship
status, employment, education, and comorbid conditions.
We obtained information about participants’ age and can-
cer from the EHR.

Medications
We obtained information about patients’ medications,
including herbal/alternative medications and vitamins, via
patient report and from the EHR at baseline and week
4. We determined the number of discrepant medications,
defined as the difference between patient-report and the
EHR. Consistent with prior work, we categorized medica-
tions as potentially inappropriate, based on the 2015 Beers
Criteria, as determined by nonintervention pharmacists
blinded to group assignment [33, 34].

Vaccinations
We obtained information about patients’ vaccinations from
the EHR at baseline, week 4, and week 8. Specifically, we
investigated vaccination rates for pneumonia and influenza
at baseline, and then assessed again at weeks 4 and
8 whether unvaccinated patients had acquired their pneu-
monia or influenza vaccinations. We focused on pneumonia
and influenza vaccinations because these are both recom-
mended for older adults with cancer [9, 16].

Acceptability of the Intervention
As part of the week 4 assessment, we asked patients
assigned to PRIME to complete a survey inquiring about
the timing and utility of the intervention. Specifically, we
asked patients about their perceptions of the visit fre-
quency and length and whether they perceived the visit
with the pharmacist as helpful.

Statistical Analysis
The primary endpoint of the study was feasibility. We
defined the intervention as feasible if at least 75% of
approached patients enrolled in the study (95% confidence
interval of 65%–83%) and if at least 75% of those assigned
to the intervention received the visit with the pharmacist
(95% confidence interval of 63%–84%).

In addition, secondary endpoints included an evaluation
of the number of discrepant medications between patient
report and the EHR and the number of potentially
inappropriate medications at week 4. We also investigated
whether patients had acquired their pneumonia and influ-
enza vaccinations by week 4 and week 8. To assess the
effect of PRIME on the number of discrepant and poten-
tially inappropriate medications at week 4, we used univar-
iate t tests and multivariable linear regression, controlling
for the respective baseline number of each outcome. To
investigate intervention effects on rates of acquiring pneu-
monia and influenza vaccinations by week 4 and week
8, we used chi-squared tests. We used conservative
(α = 0.05) and liberal (α = 0.25) values to assess statistical

significance given the pilot nature of this study [35–37].
Pilot preliminary efficacy studies are not formally powered
to assess efficacy but rather focus on hypothesis genera-
tion and help to inform the design of larger confirmatory
studies. We used SPSS for Windows version 20 (IBM, Armonk,
NY) for statistical analyses.

RESULTS

Participant Characteristics
Patients had a median age of 71.74 years (range,
65.07–91.49), and the majority were white (90.0%), female
(59.3%), married (68.3%), and retired (65.0%; Table 1). The
most common comorbid conditions were chronic lung dis-
ease (28.3%), diabetes (15.0%), stroke (10.0%), and kidney
problems (10.0%).

Baseline Study Measures
Overall, patients had an average of 13.33 (SD = 5.87) medi-
cations on their medication list. Patients had an average of
6.72 (SD = 4.66) medications discrepant between patient
report and the EHR and 4.93 (SD = 3.29) potentially inap-
propriate medications on their medication list in the EHR.
At baseline, 43.3% and 31.7% of participants had received
pneumonia and influenza vaccinations, respectively.

Feasibility and Acceptability of the Intervention
We enrolled 81.1% (60/74) of patients approached (Fig. 1).
Among patients assigned to the intervention, 96.6%
(28/29) received the pharmacist visit. We had five clinical
pharmacists who saw patients for the study, and they
reported spending approximately 30–45 minutes preparing
for each study visit. The median length of the pharmacist
visit was 55 minutes (range, 30–75) per patient.

Most participants reported that the number of visits
was the “right amount” (82.1% [23/28]), the length of the
pharmacy visit was the “right amount” (85.7% [24/28]),
and the pharmacy visit was “helpful” (92.9% [26/28]; Fig. 2).
No patients reported that the number of visits was “too
many,” the length of the visit was “too long,” or the visit
was “not helpful.”

Intervention Effect on Patients’ Medications
With a liberal α of 0.25, intervention patients had fewer dis-
crepant (5.82 vs. 8.07, p = .094) and potentially inappropri-
ate (3.46 vs. 4.80, p = .069) medications compared with
usual care at week 4 in unadjusted analyses. In multivariable
models controlling for baseline values, patients assigned to
PRIME had fewer discrepant medications (B, −1.50; 95%
confidence interval [95% CI], −4.04 to 1.04; p = .242), when
using a liberal α of 0.25 (Table 2). However, multivariable
models demonstrated no between-group differences in the
number of potentially inappropriate medications (B, −0.49;
95% CI, −1.65 to 0.68; p = .408).

Intervention Effect on Patients’ Vaccinations
At week 4, patients assigned to PRIME had higher rates of
obtaining vaccinations for pneumonia (27.6% vs. 0.0%,
p = .005) and influenza (27.6% vs. 0.0%, p < .001) compared
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with patients assigned to usual care. Similarly, at week
8, intervention patients had higher rates of obtaining vacci-
nations for pneumonia (37.9% vs. 0.0%, p < .001) and
influenza (31.0% vs. 0.0%, p < .001). Fig. 3 displays the pro-
portion of patients with vaccinations for pneumonia and
influenza acquired during the 8-week study period, the pro-
portion who already had vaccinations at baseline, and the

proportion who were never vaccinated during the study
period.

DISCUSSION

In this pilot randomized controlled trial, we investigated
the feasibility, acceptability, and preliminary efficacy of

Table 1. Participant characteristics

Characteristic
Usual care
(n = 31), n (%)

PRIME intervention
(n = 29), n (%)

Age, mean (SD), y 73.18 (7.86) 72.07 (4.85)

Sex

Male 12 (38.7) 16 (55.2)

Female 19 (61.3) 13 (44.8)

Race

White 29 (93.5) 25 (86.2)

Black 1 (3.2) 1 (3.4)

Asian 0 (0.0) 1 (3.4)

Other 1 (3.2) 2 (6.9)

Relationship status

Married 19 (61.3) 22 (75.9)

Divorced 7 (22.6) 2 (6.9)

Widowed 5 (16.1) 3 (10.3)

Never married 2 (6.5) 2 (6.9)

Employment

Retired 21 (67.7) 18 (62.1)

Working 10 (32.3) 9 (31.0)

Unemployed 0 (0.0) 2 (6.9)

Education

Less than college graduate 19 (61.3) 12 (41.4)

College graduate and beyond 12 (38.7) 17 (58.6)

Cancer type

Gastrointestinal 14 (45.2) 13 (44.8)

Lung 11 (35.5) 10 (34.5)

Breast 6 (19.4) 6 (20.7)

Comorbid conditions

Chronic lung disease 8 (26.7) 9 (31.0)

Diabetes 4 (13.3) 5 (17.2)

Stroke 4 (13.3) 2 (6.9)

Kidney problem 3 (10.0) 3 (10.3)

Heart attack 2 (6.7) 1 (3.4)

Heart failure 1 (3.3) 0 (0.0)

Baseline medication measures, mean
(SD)

Discrepant medications between
patient and EHR

7.48 (5.56) 5.90 (3.37)

Potentially inappropriate
medications

5.65 (3.48) 4.17 (2.95)

Baseline vaccination measures

Pneumonia vaccination 14 (45.2) 12 (41.4)

Influenza vaccination 7 (22.6) 12 (41.4)

Adjusted for baseline.
Abbreviations: EHR, electronic health record; PRIME, Pharmacist Reconciliation to Improve Medication Management in the Elderly.
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Eligible
(n = 83)

Excluded (n = 9)
•Clinical team reports patient is too ill to participate (n = 9)

Enrolled
(n = 60)

Refused (n = 14)
•Not interested in research (n = 10)
•Overwhelmed (n = 4)

Approached
(n = 74)

Randomized
(n = 60)

Assigned to PRIME
(n = 29)

Assigned to Usual Care
(n = 31)

Week 4 follow-up assessment
Completed (n = 30)
Did not complete (n = 1)

Passed away (n = 1)
Withdrew consent (n = 0)

Week 8 follow-up assessment
Completed (n = 30)
Did not complete (n = 1)

Passed away (n = 1)
Withdrew consent (n = 0)

Week 4 follow-up assessment
Completed (n = 28)
Did not complete (n = 1)

Passed away (n = 0)
Withdrew consent (n = 1)

Week 8 follow-up assessment
Completed (n = 27)
Did not complete (n = 2)

Passed away (n = 1)
Withdrew consent (n = 1)

Figure 1. CONSORT diagram.
Abbreviation: PRIME, Pharmacist Reconciliation to Improve Medication Management in the Elderly.

Not Not 
SureSure

10.7%

Not Not 
SureSure

10.7%

Right Amountght Amou
82.1%

Right amountght amou
85.7%

HelpfulHelpful
92.9%

Number of Visits Length of Visit Helpfulness of Visit

Too
Many
0.0%

Too
Long
0.0%

Not 
Helpful
0.0%

Too 
Few
7.1%

Too
Short
3.6%

Not Not 
SureSure
7.1%

Figure 2. Intervention acceptability ratings.

Table 2. Intervention effects on medication outcomes

Week 4 outcomes B (95% CI) p value

Discrepant medications between patient and EHR −1.500 (−4.039 to 1.039) .242

Potentially inappropriate medications −0.485 (−1.649 to 0.680) .408

Adjusted for baseline.
Abbreviations: CI, confidence interval; EHR, electronic health record.
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PRIME for improving medication management and receipt
of recommended vaccinations among older adults with
cancer. We enrolled over 80% of patients approached, and
nearly every patient assigned to the intervention received
the pharmacist visit. In addition, patients found the inter-
vention to be highly acceptable. Importantly, patients
assigned to PRIME had fewer discrepant medications and
were more likely to acquire vaccinations for pneumonia
and influenza. Collectively, these data demonstrate that
PRIME is feasible and acceptable and demonstrates encour-
aging preliminary efficacy for improving patients’ medica-
tion management and rates of vaccinations.

To our knowledge, the current study is the first ran-
domized controlled trial involving the integration of phar-
macists into the outpatient oncologic care of older adults
with cancer. Importantly, our results demonstrate the feasi-
bility and acceptability of an intervention integrating phar-
macists into the oncologic care of older adults with cancer.
Although prior randomized trials have demonstrated the
efficacy of integrating pharmacists into the care of patients
within cardiovascular, pulmonology, and primary care set-
tings [38–42], efforts to conduct randomized trials of phar-
macist interventions among older adults with cancer are
lacking. Furthermore, with the rapidly growing geriatric
oncology population and the challenges of addressing
these patients’ distinct and complex needs, it is imperative
that we develop and test interventions targeting issues
unique to this population, such as medication management
and vaccination administration [9, 18, 43]. The current
intervention ensures that older adults with cancer receive
focused attention to their complicated medication regi-
mens and vaccination schedules by incorporating pharma-
cists into their outpatient oncologic care. Notably, PRIME
yielded encouraging results using just a single visit with a
pharmacist, thus reflecting an intervention that could be

widely disseminated and readily incorporated into the clini-
cal care of older adults with cancer.

Importantly, we found that patients assigned to PRIME
experienced significant improvements in their rates of
acquiring pneumonia and influenza vaccinations. Over one
fourth of the intervention patients acquired pneumonia
and influenza vaccinations by week 4, with further
improvements by week 8. Notably, none of the patients
assigned to usual care received vaccinations for pneumonia
or influenza during the study period, which highlights the
critical need for efforts to address vaccinations in this pop-
ulation. Prior research suggests that pneumonia and influenza
vaccinations in older patients with cancer are associated with
fewer infections, reduced chemotherapy interruptions,
decreased hospitalizations, and potentially enhanced sur-
vival [9]. Thus, our findings that PRIME resulted in higher
vaccination rates for pneumonia and influenza have impor-
tant clinical implications and underscore the potential for
this intervention to affect additional outcomes, such as
infection risk and treatment duration, which merit further
investigation in future studies.

We also investigated the preliminary efficacy of PRIME
for enhancing medication management among older adults
with cancer. Using a liberal p value cutoff as per guidelines
for pilot studies [35–37], we found that patients assigned
to the intervention had fewer discrepant and potentially
inappropriate medications at week 4. The medications in
our EHR reflect patients’ medication lists for all hospitals
affiliated with MGH but not those outside our health sys-
tem. Thus, PRIME helped clarify discrepancies between
patient-reported medications and the list documented in
the EHR, which is critically important, clinically, as this
helps foster safe prescribing and drug interaction monitor-
ing. Furthermore, prior work has demonstrated that inade-
quate medication management among older adults with

Vaccination acquired 
during 8-week study period

Already had vaccination 
documented at baseline

Never vaccinated 
during 8-week study period

Pneumonia Vaccination Influenza Vaccination

p < .001 p < .001

45.2 % 41.4 %

54.8 %

20.7 %

37.9 %

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Usual Care PRIME Intervention

22.6 %

41.4 %

77.4 %
27.6 %

31.0 %

Usual Care PRIME Intervention

Figure 3. Intervention effects on the rates of pneumonia and influenza vaccinations.
Abbreviation: PRIME, Pharmacist Reconciliation to Improve Medication Management in the Elderly.
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cancer is associated with poor clinical outcomes, such as
increased risk of hospitalizations and diminished survival
[20, 21]. Notably, we enrolled patients early in their treat-
ment course, which can have implications for enhancing
downstream outcomes, such as treatment adherence and
avoidance of drug interactions, which could potentially
affect patients’ cancer outcomes, including survival [9].
Therefore, additional research is needed to further test the
efficacy of PRIME on medication management outcomes
and also to investigate intervention effects on other out-
comes, such as treatment adherence, hospitalization rates,
and survival.

In addition, our work highlights the high number of dis-
crepant and potentially inappropriate medications, as well
as the considerably low rates of vaccinations for pneumo-
nia and influenza, among older patients with cancer.
Patients in our sample had an average of over 13 medica-
tions on their medication list, with nearly 7 discrepant and
almost 5 potentially inappropriate medications. These high
numbers of potentially inappropriate medications are con-
sistent with prior work describing medication management
in older adults with cancer [18, 20, 21, 34]. Moreover, we
found that under half of patients had received pneumonia
and influenza vaccinations at the time of study enrollment,
which is also consistent with previous research [9, 44–46].
With such high baseline numbers of discrepant and poten-
tially inappropriate medications and low baseline vaccina-
tion rates, our findings further underscore the importance
of efforts to address medication management and vaccina-
tion administration for older patients with cancer. Impor-
tantly, these findings also highlight the potential for
interventions such as PRIME to enhance care outcomes for
the geriatric oncology population.

Our study has several limitations. First, we conducted
this trial at a single institution with limited diversity, which
may limit the generalizability of our results to other care
settings and clinical populations. Additionally, we may lack
information about vaccinations if patients received vaccina-
tions outside of our institution and this was not documen-
ted in the EHR. Second, although we had a high enrollment
rate, the pilot nature of this study limited our ability to
demonstrate definitive intervention effects on patients’
medication outcomes. Third, we lack information about
some potential factors that may influence the impact of
PRIME, such as patients’ social supports, cognition, and
ability to independently manage their own medications.
Future work should investigate whether these and other
important factors, such as comorbidity, cancer type, and
concurrent geriatric consultation, may influence the effects
of PRIME on patient outcomes. Furthermore, in the current
study, we did not collect data on herpes zoster vaccination
rates, accuracy of patients’ allergy lists, or potential pre-
scribing omissions, all of which will be important to track
in future studies. We also lack information about oncology
clinicians’ perceptions regarding the utility of PRIME, and
future efforts to fully integrate pharmacists into the cancer

care team should consider the clinician perspective, as well
as the funding and space required to support pharmacists.
Moreover, future work should determine the efficacy of
PRIME for enhancing vaccination rates during the height of
influenza season and should include information about
rates of influenza and pneumonia infections.

CONCLUSION

In this study, we demonstrated the feasibility and accept-
ability of an intervention that integrates pharmacists into
the care of older adults with cancer. Among the patients
we asked to participate in our study, over 80% enrolled,
and all but one patient assigned to the intervention
received the pharmacist visit. Importantly, we found prom-
ising preliminary efficacy for PRIME to improve medication
management and vaccination acquisition in our sample. In
addition, our data highlight the substantially high rates of
discrepant and potentially inappropriate medication use, as
well as low rates of obtaining recommended vaccinations
among older adults with cancer, thus underscoring the criti-
cal importance of efforts to address medication manage-
ment and vaccinations in the geriatric oncology population.
A larger randomized controlled trial to demonstrate the
efficacy of this care model to enhance medication manage-
ment and improve vaccination outcomes for older patients
with cancer is clearly warranted.
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