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Abstract

Hyperglycemia in the early days following allogeneic hematopoietic stem cell transplantation (allo-HSCT) is a
well-known risk factor for acute graft-versus-host disease (GVHD) and non-relapse mortality. The FreeStyle Libre
Pro, a factory calibrated continuous glucose monitoring (CGM) device, has been used for the retrospective
analysis of glucose testing in patients with diabetes. We assessed the safety and accuracy of the device in pa-
tients undergoing allo-HSCT. We recruited eight patients who underwent allo-HSCT between August 2017 and
March 2020. They wore the FreeStyle Libre Pro on the day before or on the day of transplantation until 28 days
after transplantation. Adverse events, especially bleeding and infection, were monitored to assess safety, and
blood glucose levels were measured and compared with the device values. None of the eight participants expe-
rienced bleeding that was difficult to stop from the sensor site or local infection that required antimicrobial ad-
ministration. The device value was well correlated with blood glucose (correlation coefficient r=0.795, P<0.01);
however, the overall mean absolute relative difference was 32.1%±16.0%. Our study demonstrated the safety
of FreeStyle Libre Pro in allo-HSCT patients. However, the sensor results tended to be lower than the blood glu-
cose levels.
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Introduction

Although survival is prolonged following allogeneic

hematopoietic stem cell transplantation (allo-HSCT),

several post-transplantation complications can be fatal.

The risk of non-relapse mortality (NRM) has decreased

over the past few years1 and has been reported in Ja-

pan2, 3. Allo-HSCT recipients are also at a higher risk of

hyperglycemia due to the use of steroids, total par-

enteral nutrition (TPN), immunosuppressive drugs, ele-

vations in insulin resistance, and infectious complica-

tions4-6. Post-transplant hyperglycemia during neutro-

penia has been reported as a risk factor for infectious

diseases, acute graft-versus-host disease (GVHD), and

NRM4.

Glucose control is crucial in the days following allo-

HSCT. While self-monitoring of blood glucose (SMBG)

requires frequent fingertip puncture, continuous glucose

monitoring (CGM) does not require frequent fingertip

puncture, thus, reducing the stress on the patient. There
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are two types of CGM: 1) CGM, which is used as an

adjunct to SMBG, and 2) retrospective CGM, which is

used for retrospective analysis of glucose excursion.

The FreeStyle Libre Pro (Abbott Diabetes Care) is a

retrospective CGM that does not require calibration by

SMBG7. The sensor patch of the CGM that is worn on

the upper arm is 5 mm thick and 35 mm in diameter. It

was calibrated at the factory and did not require cali-

bration during the 14 days that it was worn. It is used

only in patients with diabetes mellitus. Several adverse

events related to wearing this sensor have been re-

ported; however, these are not critical and have im-

proved gradually7. Mean absolute relative difference

(MARD) is used as an accuracy indicator for CGM de-

vices. Several studies comparing the device with blood

glucose values have reported MARDs of 12.1%7, 8.2%8,

and 18.7%9, indicating much variability. Since these

studies were conducted in patients with diabetes melli-

tus, the safety and accuracy of the device in allo-HSCT

recipients is still unclear. Therefore, we aimed to evalu-

ate the safety and efficacy of the CGM prospectively in

patients undergoing allo-HSCT.

Materials and Methods

Study participants
This was a single-center, phase I study to evaluate

the safety of FreeStyle Libre Pro in patients undergoing

allo-HSCT. Allo-HSCT recipients who had not used the

Libre Pro device previously and were between 20 and

70 years of age were enrolled in the study from August

2017 to March 2020. All patients provided voluntary

written consent for inclusion in this study. The exclu-

sion criteria were as follows: (1) haploidentical hema-

topoietic stem cell transplantation; (2) requirement of

radiographs and computed tomography (CT) scans at

least once a week; (3) previous infection at the device

site; (4) contact dermatitis; (5) inability to be disin-

fected with alcohol or chlorhexidine gluconate; (6)

other implantable medical devices such as pacemakers;

and (7) patients who were considered inappropriate by

the investigator owing to inability to perform the test

accurately.

The study protocol was approved by the Kobe Uni-

versity Clinical Research Ethical Committee (No. C

180063) and registered as a phase I trial titled“FGM-

SCT P1 Study”with the University Hospital Medical

Information Network (UMIN) (registration number

UMIN000027845).

Study design
We used FreeStyle Libre Pro for CGM, wherein, the

sensor was attached to the upper arm of the patient, to

enable continuous measurement of glucose levels in the

tissue interstitial fluid by the filament for up to 14 days,

without the need for frequent punctures. Baseline labo-

ratory tests, including glucose and glycoalbumin levels,

were performed a day prior to the initiation of the con-

ditioning regimen. The patients wore the device on the

day either before or on the day of transplantation for 28

days. Alcohol and chlorhexidine gluconate were used to

disinfect the fitting area prior to attachment of the sen-

sors. Laboratory tests, measurement of sensor glucose

levels by the device were repeated at least once weekly

until a week after sensor removal. Adverse events were

evaluated daily. If no neutrophil engraftment was

achieved within 28 days from the start of sensor attach-

ment, sensor attachment was continued until neutrophil

engraftment. On the 14th day of sensor attachment, the

sensor was removed, the puncture site was observed,

and a new sensor was attached to a different site. The

test sensor had to be removed before imaging proce-

dures such as magnetic resonance imaging (MRI), CT

or radiographical examination, and a new sensor ap-

plied to a different site after evaluation. Serum blood

glucose monitoring was performed as part of routine

medical care and the time of blood collection was de-

termined using the electronic medical charts.

Study outcomes
The primary endpoints were major bleeding and an-

timicrobial administration due to infection at the Libre

Pro sensor attachment site.“Major bleeding”was de-

fined as follows: (1) manual compression for more than

10 min was required to stop bleeding at the puncture

site, (2) additional blood transfusion was required due

to bleeding at the puncture site, (3) bleeding required

radiological or surgical treatment, and (4) emergency

treatment was required as a result of life-threatening

consequences. Secondary endpoints included sensor

implantation-related signs, such as bleeding and pain,

correlation between serum glucose levels and sensor

glucose levels, and number of times the sensor was

changed.

Adverse event monitoring
The National Cancer Institute’s Common Terminol-

ogy Criteria for Adverse Events (CTCAE) version 4.0

was used for evaluation of the severity of adverse

events in this study.

Statistical analysis
Pearson’s product-moment correlation was used to

assess the association between serum glucose levels and

sensor glucose values. Clarke error grid (CEG) analysis

was used to assess the clinical accuracy of sensor glu-

cose values as compared to a reference value10. The grid

is divided into five zones―A, B, C, D, and E. Zone A
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Table　1.　Patient characteristics

Patient Age (years) Gender Diagnosis Donor sources Conditioning BMI 
(kg/m2)

GA 
(%)

Past medical 
history of DM

Number of sensor 
replacements (n)

2 60 Female CML Bone Marrow RIC (Flu/BU2/TBI) 18.9 12.6 No 1
4 52 Male MDS Bone Marrow MAC (BU/CY) 24.2 14.4 No 1
5 31 Male ML Bone Marrow RIC (Flu/BU2/TBI) 27.3 13.0 No 1
6 47 Female AML Cord Blood MAC (CY/TBI) 25.0 21.5 Yes 2
7 54 Male AML Cord Blood MAC (Flu/TBI) 20.7 14.2 No 2
8 57 Female AML Bone Marrow RIC (Flu/BU2/TBI) 20.1 16.6 No 2
BMI, body mass index; GA, glycoalbumin; DM, diabetes mellitus; CML, chronic myeloid leukemia; MDS, myelodysplastic syndrome; ML, malig-
nant lymphoma; AML, acute myeloid leukemia; MAC, myeloablative conditioning; RIC, reduced-intensity conditioning; Flu, fludarabine; BU, busul-
fan; TBI, total body irradiation; CY, cyclophosphamide

Table　2.　Non-hematological ad-
verse events

Non-hematological
Adverse Events (Grade 3 ‒ 4) n

Anorexia 3
Diarrhea 3
Nausea/vomiting 3
Acute kidney injury 1
Acidemia 1
AST/ALT elevation 1
Bacteremia 1
CRBSI 1
Febrile neutropenia 1
Fungemia 1
Hyperglycemia 1
Hypoalbuminemia 1
Hypotension 1
Mucositis 1
Respiratory failure 1
SOS 1
CRBSI, catheter-related blood stream 
infection; SOS, sinusoidal obstruction 
syndrome

and B values represent glucose results that are accurate

or acceptable while a Zone E value represents“errone-

ous treatment.”In other words, the more values that ap-

pear in Zones A and B, the greater the clinical benefit.

Other measures of accuracy, the mean absolute differ-

ence (MAD; [“sensor glucose value”−“serum glucose

value”]) and MARD ([“sensor glucose value”−“serum

glucose value”]/“serum glucose value”), were also

evaluated. All analyses were performed using R version

4.0.2.

Results

Patient characteristics
A total of eight patients were enrolled in the study,

two of whom withdrew eventually. Patient 1 was a 59-

year-old male with acute myeloid leukemia withdrew

from the study and discontinued on day 12. Patient 3

was a 36-year-old male with malignant lymphoma was

admitted to the intensive care unit for management of

sinusoidal obstruction syndrome on day 12 post-

transplantation. Frequent radiographs were required, and

it was judged that continuing to wear the device would

be too cumbersome for the patient; hence, he was ex-

cluded from the study. The remaining six patients com-

pleted the study. The patient characteristics are shown

in Table 1. Most patients were male (62.5%), and the

median age was 53 years (range, 31-60 years). Myco-

phenolate mofetil (MMF) and tacrolimus (TAC) were

administered to all patients for GVHD prophylaxis. In

all patients, the nutrition support team established target

energy intake based on basal energy consumption, ac-

tivity coefficient, and stress coefficient, and adjusted

diet with intravenous nutrition. All patients were treated

with TPN. Patient 4 had an engraftment syndrome and

was treated with hydrocortisone (100 mg) for 5 days.

Patient 6 was diagnosed with type 2 diabetes prior to

study entry and was taking linagliptin and patient 7 had

a high level of glycoalbumin at screening. Therefore,

both patients 6 and 7 were treated with insulin under

the direction of the diabetic physician. Steroids and in-

sulin were not used for the other patients. Three pa-

tients had their sensors changed twice, and the other

three had them replaced three times.

Safety assessment
Hematological and gastrointestinal toxicities and in-

fections associated with conditioning regimen and trans-

plantation were reported in all patients; however, these

were predictable events and did not cause serious ill-

ness (Table 2). There were no instances of bleeding

from the sensor site that were difficult to stop or local

infection that required antimicrobial administration at

the site. Mild adverse events (grade 1) associated with

the sensor application or insertion sites were experi-

enced in two participants: one patient had purpura at

the device site, which resolved spontaneously, and an-

other patient experienced minor bleeding when the de-
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Figure　1.　Representative ambulatory glucose profiles. 
Ambulatory glucose profiles over different times of the day with percentiles and mean sensor glucose values. Figure 1 shows 
the representative AGP reports for a non-diabetic patient (A, Case 2, day －1‒12 after transplant) and a diabetic patient (B, 
Case 6, day－1‒8 after transplant), respectively

vice was attached.

Correlation between blood glucose level and glu-
cose level in tissue interstitial fluid

A positive correlation was observed between blood

glucose levels and those measured by the sensor (r=

0.795, P<0.01). The median difference between the

measurements (“sensor glucose value”−“serum glucose

value”) was −35 mg/dL (−155-7), with sensor glucose

value being lower than blood glucose level. The MAD

was 42.2 mg/dL. The overall MARD was 32.1%.

Ambulatory glucose profiles
The ambulatory glucose profile (AGP) reports pro-

duced by the FreeStyle Libre Pro for two representative

patients are shown in Figure 1. The blood glucose fluc-

tuations in the diabetic Case 6 were larger than those in

the non-diabetic Case 2.

Clarke error grid analysis
The results of the CEG analysis are shown in Figure

2. The respective percentages were 22.2%, 74.0%, and

3.7% for zones A, B, and E, respectively. The individ-

ual results are shown in Figure 3. Seven of the eight

patients in this study underwent total body irradiation

(TBI). For the patient who did not receive TBI (Case

4), the percentage of zone A in the CEG analysis was

100%.

Discussion

This prospective study investigated the safety and ac-

curacy of FreeStyle Libre Pro in patients undergoing

allo-HSCT. The results showed that FreeStyle Libre Pro

can be used safely, even in allo-HSCT patients. Al-

though interstitial glucose measurements by FreeStyle

Libre Pro showed a correlation with venous blood glu-

cose levels, the sensor glucose levels tended to be low.

Numerous studies have demonstrated the safety and

accuracy of FreeStyle Libre and FreeStyle Libre Pro in

adult patients with diabetes7-9, 11-14. In addition, one report

on the safety and accuracy of FreeStyle Libre Pro in

pediatric allo-HSCT recipients has demonstrated its

safety15. Similar to the aforementioned study, no serious
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Figure　2.　Clarke error grid analysis. 
The percentages for zones A, B, and E were 22.2%, 74.0%, and 3.7%, respectively. Zones A and B 
were considered clinically acceptable for diabetes management

Figure　3.　Clarke error grid analysis in individual patients (Cases 1 to 8). 
For the patient who did not receive total body irradiation (Case 4), the percentage of zone A in the CEG analysis was 100%

adverse events related to the device placement were ob-

served in this study.

This study demonstrated the safety of FreeStyle Libre

Pro during the neutropenic phase following allo-HSCT.

There were two cases of bacteremia; however, no signs

of local infection such as redness or swelling at the de-

vice site were observed. A central venous catheter was

placed, and it was determined that the bacteremia was

not caused due to the device. AGP is an analysis

method developed by Mazze et al.16 and is used to

evaluate glucose levels. It is useful for identifying hy-

poglycemic and hyperglycemic episodes, as well as
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wide blood glucose level fluctuations as shown in Fig-
ure 1. Upon CEG analysis, zones A and B were con-

sidered clinically acceptable for diabetes management.

In this study, 97% of zones A and B in CEG analysis

were identified. There was one pair in zone E. Because

the detected sensor value was significantly lower than

the blood glucose level, there was no concern that a

false low value would cause a serious error, such as ad-

ministering insulin by mistake. The percentage of zone

A was lower compared to the results of the aforemen-

tioned studies11-13. A study examining the accuracy of

Freestyle Libre Pro in patients with type 2 diabetes

mellitus undergoing hemodialysis reported a trend to-

ward lower values compared to SMBG, similar to the

present study17. This could be due to the alterations in

the water content of the subcutaneous interstitial fluid

owing to hemodialysis. A study of pediatric HSCT pa-

tients also reported edema in a patient as a cause of

negative bias15. In our study, only one patient did not

undergo TBI, and the percentage of zone A in the CEG

analysis was 100% in the patient without TBI. Thus,

the possibility that changes in the subcutaneous envi-

ronment due to TBI had a certain effect cannot be ruled

out. Another possible reason is that hydration, including

TPN, was used in all patients, leading to a decrease in

laboratory values due to increased water content in the

subcutaneous interstitial fluid cannot be ruled out. Ad-

ditionally, there could be a difference in the pattern at

the timing after allo-HSCT. The alteration of the inter-

stitial environment caused by cytokine release during

neutrophil engraftment or systemic infection might im-

pact the error in the glucose level determined by CGM.

This study had several limitations. Although the

safety of Libre Pro was confirmed in this study, the

sample size and the number of scheduled measurement

points for glucose levels were small to verify the accu-

racy of Libre Pro in HSCT patients. Therefore, it is

necessary to conduct a similar study using a larger

number of specimens to evaluate the accuracy of the

sensor. Further, this study defined infection associated

with the device as“the presence of signs of local infec-

tion at the site of application.”Bacteremia occurring in

this study did not meet this definition; therefore, we re-

port that it was not device-related. Although these pa-

tients were immunocompromised and central venous

catheters were used, infection at the site of device entry

cannot be completely ruled out. However, this is the

first prospective study of adult HSCT patients. Post-

transplant hyperglycemia has been shown to be a risk

factor for infection and GVHD4, and strict glycemic

control may be useful3. As shown in Figure 1, the high

blood glucose variability in diabetic patients indicates

that the use of CGM, especially for diabetic patients or

infected patients whose glucose level must be strictly

controlled, has the potential to achieve better glycemic

control than SMBG and has the advantage of reducing

the stress of fingertip punctures. In addition, the risk of

severe hypoglycemia may be reduced by monitoring

trends in blood glucose changes for safe transplantation.

In conclusion, this phase 1 study suggested that the

FreeStyle Libre Pro was safe to use even in allogeneic

HSCT patients. However, the measurements tended to

be lower than the blood glucose levels and may need to

be interpreted with caution.
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