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ABSTRACT With balanced safety-efficacy profile, letermovir anti-cytomegalovirus (CMV)
prophylaxis is used in hematopoietic stem cell transplant recipients (HSCTR). We assessed
feasibility and usefulness of letermovir therapeutic drug monitoring (TDM) in HSCTR. We
performed a prospective observational study on letermovir-TDM including 40 consecutive
adult CMV-seropositive allogeneic-HSCTR who received orally (PO) administered letermo-
vir. Minimal blood concentrations of letermovir (C,,4,) Were measured on days 3 and 7
postletermovir initiation and weekly thereafter. Letermovir-C,,,q, remained stable during
the first 70 days post-HSCT at a median of 286 wg/L (interquartile range, 131 to 591
ng/L), with large interpatient/intrapatient variability. No associations between break-
through clinically significant CMV infection or detectable CMV DNAemia and letermovir-
Ciough Were observed. Patients with letermovir-associated adverse events had higher leter-
movir-Cyo,qn than patients without (400 versus 266 ug/L, P = 0.02). Letermovir-C,,o g Was
similar in patients with or without gastrointestinal symptoms (280 versus 300 wg/L,
P = 049). Acute grade =2 GvHD was associated with higher letermovir-C,.q, (479 versus
248 pg/L, P = 0.001), including gastrointestinal GvHD (499 versus 263 ug/L, P = 0.004).
Concomitantly administered posaconazole and cyclosporine were associated with higher
letermovir-Cy,q, (707 versus 259 ug/L, P < 0001 and 437 versus 248 ug/L, P = 001,
respectively). In multivariable analysis, both posaconazole (odds ratio [OR], 4.9; 95% confi-
dence interval [Cl], 24 to 9.7, P < 0.0001) and cyclosporine-adjusted letermovir dose at
240 mg daily (OR, 3.5; 95% Cl, 14 to 9.0; P = 0.01) were independently associated with
higher letermovir-C,o.q In conclusion, administration of PO letermovir led to measurable
and relatively stable letermovir-C,,,.q, Without noticeable associations with clinical efficacy.
Letermovir exposure was not affected by gastrointestinal symptoms, but with posaconazole
and cyclosporine administration. Associations between letermovir and concomitantly admin-

istered agents and adverse events warrant additional clinical studies.
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TABLE 1 Baseline patient characteristics®

Patients,
Patient and HCT characteristics n =40 (%)
Demographics
Age (yr), mean (SD, range) 55(14.9, 34-74)
Gender, female 14 (35)
BMI 25 (4.6, 17.6-36.4)

Underlying disease

Acute myeloid leukemia 22 (55)
Myelodysplasic syndrome 3(8)
Acute lymphoblastic leukemia 5(13)
Lymphoma 5(13)
Other® 5(13)
HSCT characteristics
Conditioning, MAC 9(23)
HSCT donor
HLA-matched related 6 (15)
HLA-matched unrelated 18 (45)
HLA-mismatched unrelated 2(5)
Haploidentical 14 (35)
HSCT source
Bone marrow 1(3)
Peripheral blood 39 (98)
Engraftment day, mean (SD, range) 19 (4.6, 7-32)
GvHD grade =2
aGvHD during follow-up 19 (48)
aGvHD at baseline 7 (18)
Day post-HSCT, mean (SD, range) 49 (62.6, 12-267)
Chronic GvHD 1(2)
Day post-HSCT, mean (SD, range) 140
CMV serological status
Donor+/recipient+ 21(53)
Donor-/recipient+ 19 (47)

aBMI, body mass index; SD, standard deviation; HSCT, hematopoietic stem cell transplant; MAC, myeloablative
conditioning; HLA, human leukocyte antigen; aGvHD, acute graft versus host disease; CMV, cytomegalovirus.

bIncludes 1 patient with chronic lymphoblastic leukemia, 1 patient with biphenotypic acute leukemia, 2 patients
with multiple myeloma, and 1 patient with sickle cell disease.

letermovir prophylaxis developed a breakthrough clinically significant (cs) CMV infection
and already one patient exhibited letermovir resistance (8). Although one-third of patients
received intravenously (IV) administered letermovir, most patients received letermovir orally
(PO), which is relevant as allogeneic HSCT recipients (R) frequently develop high-degree gas-
trointestinal (GI) mucositis and/or graft-versus-host disease (GvHD), both associated with
suboptimal drug absorption (9, 10).

In May 2019, administration of letermovir-based primary CMV-prophylaxis was initiated in
high-risk allogeneic HSCTR at our institution with a breakthrough csCMV rate of 27% (11, 12).
Due to nationwide shortage in IV letermovir, only PO letermovir was used. We hypothesized
that allogeneic HSCTR with GI mucositis or GvHD may have suboptimal absorption of PO leter-
movir, potentially associated with higher rates of breakthrough csCMV infection. We per-
formed a prospective observational study to assess the trough blood concentrations of
PO letermovir in allogeneic HSCTR by performing prospective letermovir therapeutic drug
monitoring (TDM).

RESULTS

Patient population. Forty consecutive adult allogeneic HSCTR were included and
followed for a mean of 65 days (interquartile range [IQR], 42, 72; range, 1, 76) (Table 1). Median
age was 57 years (IQR, 44.3, 68.8; range, 22, 77) and 14 patients (35%) were female. Indication
for letermovir was primary prophylaxis post-HSCT for 33 patients (83%) and prophylaxis during
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FIG 1 Distribution of 296 letermovir plasma trough concentrations (C,,,,) in 40 hematopoietic stem
cell transplant recipients. (a) Letermovir plasma concentrations in a log scale, based on the timing of
measurement after the last letermovir administered dose. Although all efforts were made to obtain
Ciougn Measurements only, 33 of 296 (11.2%) measurements were not real trough levels. (b) Weekly
average letermovir-C,,,q, during the 70-day follow-up period, presented as boxplots with whiskers
representing minimum/maximum values, in a log scale. (c) Daily C,,, presented as individual values
in a log scale, and nonlinear regression (in red) at the fifth polynomial degree. C,,q, letermovir
trough concentration; H, hours postletermovir administration; D, days postletermovir administration.

greater than or equal to grade 2 acute GvHD for 7 (18%) patients. Nineteen patients
(48%) developed greater than or equal to grade 2 acute GvHD during follow-up, at a
median of 23 days post-HSCT (IQR, 20, 46; range, 12, 267). Thirty-five patients (88%)
received 480 mg/day of letermovir, four patients (10%) received 240 mg/day, and
one patient started with 480 mg/day and was switched to 240 mg/day during follow-
up due to cyclosporine initiation. Letermovir was continued until day 70 in 24 (60%)
patients. In eight patients (20%), letermovir was discontinued at a median of 25 days
(range, 5, 54) for csCMV infection. Letermovir was interrupted in four patients (10%)
at a median of 24 days (range, 18, 42) due to HHV-6 reactivation and was restarted in
three of those patients at a median of 61 days.

Letermovir TDM. In total, 296 TDM values were collected, corresponding to a median
of 8 (range, 1, 11) TDM values per patient. Thirty-three samples (11.2%) were not real trough
levels. Letermovir concentrations peaked after administration of the drug and rapidly
declined to reach a plateau (Figure 1a). A total of 263/296 (88.8%) values corresponded to
letermovir trough concentrations (Cy,4) (Median, 7 values per patient; range, 0, 11), with a
mean and median concentration of 637 and 286 ug/L (range, 18.7, 9,089 wg/L), respectively.
The distribution of letermovir-C,,,, mean, median, standard deviation, IQR, and range are
detailed in Table 2. No significant variability was observed across the different time points
(P = 0.85, Figure 1b and «). Interindividual and residual intraindividual variabilities were esti-
mated to be 84% and 114%, respectively (Figure 1c).

Letermovir efficacy. The cumulative incidence of breakthrough csCMV infection
during follow-up was 22.5% (9/40): eight patients and one patient, when using the >150
and >500 IU/mL threshold, respectively. Mean letermovir-Cy,,,q, throughout the study did
not significantly differ between patients with and without breakthrough csCMV (P = 0.24;
Figure 2a). Letermovir-C,,, did not significantly differ at the time of CMV DNAemia above
and below the following thresholds: 21 IU/mL (detection threshold), 100 IU/mL, or 150 IU/
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TABLE 2 Measured letermovir trough concentrations®

Clinical circumstances Mean SD Range Median IQR
[@")\%
csCMV 466 510 103-1,408 205 129-947
No csCMV 781 1023 100-5,230 487 246-833
CMV >21 IU/mL 579 637 55-2,540 409 118-598
CMV >100 IU/mL 578 661 55-2,540 386 112-595
CMV >150 IU/mL 604 834 55-2,540 319 101-847

LET-associated adverse events

Presence of adverse events 1,311 2,006 43-6,437 400 206-1,220

No adverse events 532 866 19-9,089 266 125-554
Acute GvHD grade =2

Presence of aGvHD 1,297 1,725 35-6,437 479 311-1,265

Presence of Gl aGvHD 1,334 2,018 35-6,437 499 272-1,003

Presence of non-Gl aGvHD 1,791 2,020 87-6,537 678 342-2,940

No aGvHD 488 851 19-9,089 248 121-536

Concurrent medication

Posaconazole 1,495 1,786 52-7,520 758 326-2,108
No posaconazole 464 810 19-9,089 259 122-503
Corticosteroids 1,162 1,504 35-6,437 507 287-1,280
No corticosteroids 404 789 19-9,089 215 117-418
Cyclosporin 1,123 875 259-2,940 980 455-1,720
No cyclosporine 664 1,257 19-9,089 259 119-542

aData are in ug/L. SD, standard deviation; IQR, interquartile range; LET, letermovir; aGvHD, acute graft versus
host disease; csCMV, clinically significant cytomegalovirus infection.

mL (P = 0.44, 0.30, and 0.95, respectively; Figure 2b to d). In univariable analyses there were
no associations between CMV DNAemia >150 IU/mL (odds ratio [OR], 0.99; 95% confidence
interval [Cl], 0.99, 1.00; P = 0.93) or csCMV infection (OR, 0.99; 95% Cl, 0.99, 1.00; P = 0.15)
and letermovir-Cyo gp-
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FIG 2 Associations between letermovir plasma trough concentration (C,,4,) and CMV DNAemia. (a)
Mean letermovir-C,,,q, throughout the study in patients who developed a breakthrough clinically
significant (cs) CMV (necessitating preemptive anti-CMV treatment initiation) compared to patients
who did not develop breakthrough csCMV. (b to d) Letermovir-C,,, at the time of CMV DNAemia
>21 IU/mL (level of detectability) (b), >100 IU/mL (c), and > 150 IU/mL (d). There were no
statistically significant differences between the groups compared. csCMV, clinically significant CMV
infection; C,,,q letermovir trough concentration. Data are represented as boxplots in a log scale,
with whiskers representing minimum and maximum values.
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FIG 3 Associations between letermovir plasma trough concentration and adverse events, including
atrial fibrillation, peripheral edema, and myalgias. (a) Number of patients who developed a potentially
letermovir-associated adverse event during follow-up. (b) Letermovir trough concentrations at the time of a
potential adverse event. (c) Letermovir trough concentrations at the time of peripheral edema diagnosis. C,,,qy
letermovir trough concentration. Data are represented as boxplots in a log scale, with whiskers representing
minimum and maximum values. Significant P values (<0.05) are presented.

Letermovir safety. Relevant laboratory and clinical variables were assessed as potential
letermovir-associated adverse events. There were no associations between letermovir-Cy,q,
and renal or liver function tests (Fig. S1). The following prospectively monitored clinical varia-
bles were observed (Figure 3a): atrial fibrillation (3, 8%), peripheral edema (10, 25%), and
myalgias (7, 18%). The median letermovir-C,,q, Was significantly higher in patients with any
of the above adverse events (median, 400 wg/L) when compared to patients without (me-
dian, 266 ng/L; P = 0.02; Figure 3b). In particular, the 10 patients with peripheral edema had
significantly higher median letermovir-C,,q, (median, 476 ng/L) compared to patients with-
out (median, 279 ng/L; P = 0.006; Figure 3c). Univariable analyses demonstrated a significant
association between adverse events (AEs) and letermovir-Cy;,,4 (OR, 1.00; 95% Cl, 1.00, 1.00;
P = 0.007). Due to small numbers of events, separate analyses for each one of the AEs
observed were not performed.

Letermovir TDM, Gl symptoms, and GvHD. Letermovir-C,,4, did not significantly
differ based on the presence (median, 280 ng/L) or not (median, 300 ng/L) of Gl symp-
toms (nausea, vomiting, diarrhea; P = 0.49; Figure 4a). In addition, there was no differ-
ence in letermovir-C,,», based on diarrhea severity: no diarrhea versus one to three diar-
rhea episodes per day versus more than three diarrhea episodes per day (median, 289
versus 310 versus 283 ug/L, respectively; P = 0.93). In contrast, in patients with Gl GvHD,
letermovir concentrations were significantly higher (median, 499 ng/L) when compared
to patients without Gl GvHD (263 ug/L; P = 0.004; Figure 4b). Similarly, letermovir-C,,qqn
were higher during concurrent acute GvHD diagnosis affecting any organ (median,
479 ng/L) versus not (median, 248 ng/L; P = 0.001; Figure 4c).
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FIG 4 Associations between letermovir plasma trough concentration, gastrointestinal (GI) symptoms
and acute graft versus host disease (aGvHD). Letermovir trough concentrations in patients with and without
any Gl symptoms in general, including nausea, vomiting, or diarrhea (a), greater of equal to grade 2 acute
Gl GvHD (b), and greater or equal to grade 2 acute GvHD (). Coroughv letermovir trough concentration; Gl,
gastrointestinal; aGvHD, acute graft-versus-host disease. Data are represented as boxplots in a log scale,
with whiskers representing minimum and maximum values. Significant P values (<0.05) are presented.
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Letermovir TDM and concomitant drugs. Letermovir-C,,4,, levels were studied based
on concomitant administration of different drugs. Among antifungal drugs received
as prophylaxis or treatment, concomitant posaconazole administration was associated with
higher letermovir-C,,,q, (median, 707 ng/L) compared to fluconazole, isavuconazole, or ani-
dulafungin (P < 0.001, P = 0.02, and P < 0.001, respectively; Figure 5a). Concomitant admin-
istration of systemic corticosteroids was associated with higher letermovir-C,,, 4, (median,
507 versus 215 ng/L; P < 0.001; Figure 5b). Notably, prednisone was associated with increased
Ciough (Median, 555 versus 215 ug/L; P < 0.001). Among immunosuppressive agents, cyclo-
sporine was associated with increased C,q,q, cOmpared to tacrolimus (median, 437 versus
248 ug/L; P = 0.01; Figure 5¢), which is concordant with higher letermovir-C,,,g, in patients
receiving 240 mg/day of letermovir versus 480 mg/day (median, 437 versus 265 ug/L, respec-
tively; P = 0.006; Figure 5d). Pantoprazole administration was associated with decreased
Cirough cOMpared to esomeprazole (median, 69 versus 311 wg/L; P = 0.002; Figure 5e). In con-
trast, concomitant administration of different antiemetics or different classes of antibacterial
agents did not have any effect on letermovir-C,,,4, (Figure 5f and g).

Risk factors for high letermovir-C,,,q,. Univariable analyses were performed
using demographics, HCT-related variables, underlying renal and liver function, and
coadministered agents, to identify risk factors for high letermovir-C,,q. As a letermo-
Vir-Cyougn Cutoff has not, as yet, been defined, we considered the median letermovir-
Cuough (286 ug/L) as the studied outcome. All clinically relevant variables with a
P < 0.10 in univariable analyses were entered in a multivariable logistic regression
model in a stepwise fashion, after excluding those with important interactions (data
not shown). Due to significant interactions between aGvHD, corticosteroids, and posa-
conazole, the former were not included in the final model (Fig. 6). Coadministration of
posaconazole (OR, 4.9; 95% Cl, 2.4; 9.7; P < 0.0001) and cyclosporine-adjusted letermo-
vir dose at 240 mg once daily (OR, 3.5; 95% Cl, 1.4; 9.0; P = 0.01) was significantly asso-
ciated with higher than median letermovir-C,,,4,. A trend for higher letermovir trough
concentrations and coadministration with esomeprazole was also identified (OR, 2.2;
95% Cl, 0.2; 3.4; P = 0.06).

DISCUSSION

Although letermovir is widely used for CMV prophylaxis in allogeneic HSCT recipients, its
pharmacokinetic properties in real life remain poorly defined. In this first prospective letermovir
TDM study, we aimed to describe letermovir-Cy,,q, and explore the determinants of letermovir
plasma concentrations in a real-world setting. We observed a median letermovir-C,,, of
286 ng/L, which is consistent with previously reported data in healthy volunteers who received
ascending doses of letermovir with a reported Cy,,q, Of 193 g/L (13). In contrast, median
untimed letermovir concentrations in 26 patients of 2,246 .g/L, ranging from not detectable to
24,250 ng/L, have been reported in the organ transplant literature (14). It is likely that the use
of untimed sample collection instead of Cy,,q, as well as differences in the testing method,
might have contributed to this large variability in reported concentrations. Furthermore, intrain-
dividual changes may, in part, explain those discrepancies, as suggested by the large intraindi-
vidual and interindividual variability among our patients. However, our data are consistent with
data reported in Phase 1 clinical trials for the validation of letermovir in healthy volunteers and
suggest that allogeneic HSCT recipients, despite multiple comorbidities and significant poly-
pharmacy, appear to have similar plasma trough concentrations. Notably, our data suggest that
letermovir concentrations remain relatively stable during the first 70 days after an allogeneic
HSCT, without any significant differences observed between day 3 and day 70.

We did not identify any significant association between breakthrough csCMV infection and
letermovir plasma concentrations. This finding is consistent with a recent report from Prohn et
al. (10) showing the absence of letermovir exposure dependencies for csCMV infection at week
14 or week 24 post-HSCT. Notably, the threshold for CMV preemptive treatment and csCMV
infection definition at our institution changed from >150 to >500 IU/mL during the study pe-
riod. Hence, our observations with regard to breakthrough csCMV infection and letermovir TDM
are nonconclusive. However, when we looked at CMV DNAemia at different thresholds (>21,
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FIG 5 Associations between letermovir plasma trough concentration and other concomitantly administered medications, including
antifungal agents (a), corticosteroids (b), immunosuppressive agents (c), letermovir administered dose (d), proton-pump inhibitors (e),
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FIG 6 Forest plot of adjusted odds ratio and confidence intervals of the multivariable logistic regression
model regarding predictors of letermovir-C,,,,, above the median value of 286 wg/L. LET, letermovir; GFR,
glomerular filtration rate, in mL/min/1.73 m?.

100, and 500 IU/mL), there was no significant association between any of the above with leter-
mMovir-Cq,g, Values. Similarly, univariable analyses failed to identify any potential associations
between ¢sCMV infection and letermovir-Cy,q.. In contrast, potential adverse events (atrial
fibrillation, peripheral edema, myalgias) were associated with higher letermovir-C o g
Although causality has not been shown previously and could not be attributed in this obser-
vational study, the above may suggest that although the current dosing recommendations
allow for sufficient letermovir exposure to avoid csCMV infections, higher letermovir-Cy,,qn
may require further monitoring to prevent from letermovir-related adverse events. This ob-
servation needs to be further investigated in the future.

Gastrointestinal symptoms, including nausea, vomiting, and diarrhea (even severe diarrhea,
at >3 episodes per day), did not appear to have an effect on letermovir-Cy,,q,. This is perti-
nent information, considering that all patients in this study received PO letermovir. Therefore,
based on our data and the existing body of evidence, PO letermovir appears to be well
absorbed and associated with detectable C,,,,, Values even in patients with impaired Gl tract
function. Whether administration of IV letermovir in those high-risk patients could potentially
lead to higher plasma C,,q, and improved clinical outcomes remains to be further investi-
gated. Of note, letermovir-C,,,,q, Was significantly higher in patients with moderate to severe
Gl tract GvHD when compared to patients without GvHD. Similarly, patients with non-Gl tract
GvHD had higher C,q, compared to patients without GvHD. The higher concentrations
observed in patients with GI GvHD suggest that PO letermovir remains an option even in
patients with severe gastrointestinal symptoms, likely due to potential associations with GvHD
concomitant treatments.

Indeed, higher letermovir concentrations were observed in patients receiving posaconazole
and corticosteroids. This may, in part, account for the higher letermovir-C,,, observed in
patients with aGvHD, as treatment with corticosteroids and primary antifungal prophylaxis
with posaconazole is routinely administered in those patients per institutional protocol and
international guidelines (15). This potential interaction has not yet been described. Letermovir
is partly metabolized by glucuronidation, through uridine 5’-diphospho-glucuronosyltransfer-
ase 1A1/1A3 and is a substrate of OATP1B1/3 hepatic transporters (16). In addition, letermovir
is @ moderate cytochrome P450 (CYP) 3A4/5 and CYP2C8 inhibitor and an OATP1B1/3 and P-
glycoprotein inhibitor and may induce CYP2C19 and CYP2C9 (7, 17). Recent data suggest that
letermovir coadministration in healthy subjects and HSCT recipients did not induced signif-
icant alterations on posaconazole, isavuconazole, or fluconazole concentrations (18-20).
However, the inverse effect of antifungal agents on letermovir concentrations remains

FIG 5 Legend (Continued)

Antimicrobial Agents and Chemotherapy

antiemetics (f), and antibacterial agents (g). For panels a, ¢, d, and g, all patients were receiving at least one drug from the respective
class. Data are represented as boxplots in a log scale, with whiskers representing minimum and maximum values. Significant P values

(<0.05) are presented. MMF, mycophenolate mofetil; PPI, proton-pump inhibitors; TMP-SMX, cotrimoxazole.
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unknown. Our data suggest that coadministration of posaconazole may be associated
with higher letermovir concentrations. We hypothesized that a potential interaction
between posaconazole and letermovir could be due to both agents using the P-glyco-
protein metabolism pathway. This could also potentially explain that no association was
identified between other antifungal agents, notably voriconazole and isavuconazole, and
letermovir concentrations. Although the latter may, in part, be attributed to the low
numbers of patients treated with those agents making further conclusions difficult to
make, it may also suggest absence of further interactions via the CYP3A4 pathway, com-
mon for all those three azoles. Further dedicated pharmacological studies will be
required to understand the mechanistic link between letermovir and these drugs.

Concomitant administration of various antibacterial agents or antiemetics did not have
any effect on plasma letermovir concentrations. In contrast and as previously described,
higher letermovir-C,,q, were found in patients receiving GvHD prophylaxis with cyclospo-
rine compared to tacrolimus, despite the letermovir dose reduction in this context due to
previously described drug-drug interactions (16, 21). Among proton-pump inhibitors, no dif-
ference could be observed with or without those agents; however, patients receiving panto-
prazole appeared to have lower letermovir levels than those receiving esomeprazole. Due to
low numbers of patients receiving those agents, no further conclusions could be drawn.

In conclusion, our study describes the pharmacokinetic profile of orally administered
letermovir in a real-world cohort of high-risk allogeneic HSCT recipients. This study is limited
by its small patient size and its observational nature, which prevented the identification of
underlying mechanisms responsible for modifications of letermovir-C,,, 4. Follow-up was
limited for logistical reasons to the first 70 days posttransplant, not extending through day
100, the usual duration of letermovir prophylaxis administration. In addition, as the threshold
for preemptive CMV treatment was changed during the study period, our observations do
not allow for definitive conclusions with regard to potential associations between letermo-
Vir-Cyouqn and breakthrough csCMV infection. However, clinically relevant observations could
still be found. Our findings indicate that PO administered letermovir is well absorbed and
Cuougn a@re not significantly affected by Gl tract symptomatology. In fact, GvHD, including
severe Gl GvHD, appeared to be associated with higher letermovir concentrations, most
likely due to coadministration of posaconazole as primary antifungal prophylaxis in the set-
ting. While letermovir TDM does not appear to be required to ascertain clinical efficacy, our
preliminary findings suggest a potential application in clinical practice, to further mitigate
the risk of experiencing letermovir-induced safety events. Additional clinical studies are war-
ranted to investigate the potential associations of letermovir with concomitantly adminis-
tered posaconazole and the role of TDM in personalizing dosing to further optimize the
safety-efficacy balance of letermovir in HSCT recipients and ultimately improve posttrans-
plant clinical outcomes.

MATERIALS AND METHODS

Study design. This was a prospective noninterventional open-label study. All consecutive adult
(=18-year-old) CMV-seropositive allogeneic HSCTR who received primary CMV-prophylaxis with PO letermovir
between March 1, 2020 and April, 20, 2021 were included. Letermovir was administered at 480 mg once daily
or 240 mg once daily in case of cyclosporine coadministration (22). The study was approved by the local Ethics
Committee, and all patients signed an informed consent form before participating in this study.

Study outcomes. The primary objective was to describe the minimal blood concentrations (trough
concentration [C,,,,4,]) Of PO letermovir in a cohort of allogeneic HSCTR. The following secondary objec-
tives were assessed: (i) efficacy and safety of PO letermovir prophylaxis and (ii) distribution of letermovir
TDM during mucositis, Gl and other grade =2 GvHD, and based on concomitantly administered agents.

Study procedures. Letermovir-C, g, Was measured on day 3 (*1), day 7 (£1) postletermovir pro-
phylaxis initiation, and weekly (+1 day) thereafter, for a total of maximum 11 samples per patient. Measurement
of letermovir plasma concentration was performed by the institutional Toxicology and TDM Laboratory using an
in-house developed ultra-high performance liquid chromatography tandem mass spectrometry assay. The
method was validated according to the Clinical Laboratory Standards Insitute guidelines, considering: linearity,
precision and accuracy on inter- and intrabatch series, lower limit of quantification (LLOQ), dilution integrity, carry-
over, matrix effects, interferences (hemolyzed, lipemic and icteric plasma, as well as selected drugs), and stability
(preanalytical and analytical: freeze/thaw cycles stability, benchtop stability, processed sample stability, long-term
stability, and stock solution stability). The method was found to be linear from 1 to 2,500 wg/L. LLOQ was vali-
dated at 1 ug/L. Solely total letermovir concentrations were measured and reported for this assay. Pertinent base-
line HSCT-associated variables, including conditioning regimen and HSCT-type were collected. The following
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variables were routinely collected prospectively for the first 10 weeks of letermovir administration: HSCT-associ-
ated complications (e.g, GvHD, mucositis), GI symptoms (nausea, vomiting, diarrhea, including diarrhea fre-
quency), concomitantly administered drugs, plasma CMV quantitative PCR (qPCR) and letermovir TDM data, renal
and hepatic function, and selected symptoms potentially associated with letermovir administration (new-onset
atrial fibrillation, peripheral lower extremity edema, and myalgias) (8).

Institutional practices. Monitoring and preemptive treatment of CMV DNAemia at our institution
have been previously described (11). Briefly, plasma CMV qPCR is performed once weekly at our institution in allo-
geneic HSCTR during the first 3 months post-HSCT with the COBAS CMV for Cobas 6800 test (Roche Diagnostics,
Indianopolis, IN, USA) with a limit of detection of 21 1U/mL and limit of quantification of 25 IU/mL. Until December
31, 2020, primary letermovir CMV-prophylaxis was administered to (i) all CMV donor-negative (D—)/R-positive
(R+) patients from day (D) 1 to D100 post-HSCT and (i) CMV HSCTR+ with early (during the first 6 months post-
HSCT) grade =2 acute GvHD requiring corticosteroid treatment at =1 mg/kg/day and until tapering to <10 mg/
day of prednisone equivalent (11). Starting January 1, 2021, all CMV HSCTR+ received primary CMV prophylaxis
with letermovir between days 1 and 100 post-HSCT. Until December 31, 2020, csCMV infection prompting CMV-
preemptive treatment initiation was defined based on consensus international guidelines adjusted to our institu-
tional practices using a CMV DNAemia cutoff >150 IU/mL (23, 24). During the study period, new evidence sug-
gested that low-grade CMV DNAemia in patients treated with letermovir may represent aborted viral replication
rather than effective viral replication (25). Therefore, the CMV DNAemia threshold for csCMV infection and CMV
preemptive treatment initiation was changed from >150 to >500 IU/mL as of January 1, 2021.

Definitions. Clinically significant CMV infection was defined as detailed above. Study inclusion day
was the date of letermovir initiation and patients were followed for the first 70 days after study inclusion
or until the end of letermovir administration, if stopped before day 70. The 70-day follow-up was chosen
for logistical/feasibility reasons, considering the weekly follow-up of our patients during that period.
Letermovir-C,,,, was defined as a sample drawn 24 (£2) hours after last letermovir administration and
before the administration of the next dose.

Statistical analysis. Standard descriptive statistics were used to summarize the study population
characteristics. The Fisher's exact or chi-square tests were used for categorical variables and two-tailed Student t
test for continuous variables. Continuous variables are presented as means with standard deviation and range, or
as medians with IQR, as appropriated. The letermovir TDM values were presented as medians at each time point
measured with range and interquartile range. The overall mean letermovir-C,,,, Was calculated on log-trans-
formed data, accounting for repeated measurements (linear mixed effect model). Estimates of interindividual and
residual intraindividual variability were derived in terms of percent coefficient of variation. Differences in TDM
among groups were identified with Mann-Whitney or Kruskal-Wallis tests, as appropriate. Two-sided tests were
performed, and a P < 0.05 was considered as statistically significant. Univariable analyses were performed to
identify potential associations between letermovir-C,,, and clinical efficacy (e.g, CMV DNAemia, csCMV infec-
tion) and toxicity (AEs: atrial fibrillation, myalgias, and peripheral edema). Univariable analyses were performed to
identify predictors of high letermovir-C,,, ., with the following independent variables studied: demographics,
HCT characteristics, laboratory values reflecting bone marrow, renal and liver function, and coadministered medi-
cations. Variables with a P < 0.10 in univariable analyses and after considering potential interactions among
them using the Pearce correlation test were entered in a stepwise fashion into a multivariable model. Results are
presented as OR with 95% Cl. Data were analyzed using STATA 14 statistical software (StataCorp, College Station,
TX, USA) and GraphPad Prism 9 (GraphPad Software Inc, San Diego, CA, USA).

SUPPLEMENTAL MATERIAL

Supplemental material is available online only.
SUPPLEMENTAL FILE 1, PDF file, 0.1 MB.

ACKNOWLEDGMENTS

We thank all our colleagues, nurses, and physicians for taking care of the patients in
the transplant inpatient and outpatient units.

This work was partly supported by the Research Fund of the Department of Internal
Medicine of the University and the Faculty of Medicine of Geneva; this fund received an
unrestricted grant from AstraZeneca Switzerland.

Y.C. has received consulting fees from MSD, Novartis, Incyte, BMS, Pfizer, Abbvie, Roche,
Jazz, Gilead, Amgen and travel support from MSD, Roche, Gilead. Amgen, Abbvie, Janssen,
Astra-Zeneka, Jazz. D.N. has received research support from MSD and Pfizer and consulting
fees from Roche Diagnostics, MSD, Pfizer, Basilea, and Gilead. All other authors declare no
conflicts of interest.

Antimicrobial Agents and Chemotherapy

REFERENCES

1. Ljungman P. 2014. The role of cytomegalovirus serostatus on outcome of 2. Meyers JD, Flournoy N, Thomas ED. 1986. Risk factors for cytomegalovirus
hematopoietic stem cell transplantation. Curr Opin Hematol 21:466-469. infection after human marrow transplantation. J Infect Dis 153:478-488.
https://doi.org/10.1097/MOH.0000000000000085. https://doi.org/10.1093/infdis/153.3.478.

August 2022 Volume 66 Issue 8

10.1128/aac.00657-22 10


https://doi.org/10.1097/MOH.0000000000000085
https://doi.org/10.1093/infdis/153.3.478
https://journals.asm.org/journal/aac
https://doi.org/10.1128/aac.00657-22

Letermovir TDM in Allogeneic-HSCTR

3.

Robin C, Hémery F, Dindorf C, Thillard J, Cabanne L, Redjoul R, Beckerich
F, Rodriguez C, Pautas C, Toma A, Maury S, Durand-Zaleski I, Cordonnier
C. 2017. Economic burden of preemptive treatment of CMV infection after
allogeneic stem cell transplantation: a retrospective study of 208 consec-
utive patients. BMC Infect Dis 17:747. https://doi.org/10.1186/s12879-017
-2854-2.

. Boeckh M, Nichols WG, Papanicolaou G, Rubin R, Wingard JR, Zaia J. 2003.

Cytomegalovirus in hematopoietic stem cell transplant recipients: current
status, known challenges, and future strategies. Biol Blood Marrow Trans-
plant 9:543-558. https://doi.org/10.1016/5S1083-8791(03)00287-8.

. Yong MK, Ananda-Rajah M, Cameron PU, Morrissey CO, Spencer A, Ritchie

D, Cheng AC, Lewin SR, Slavin M. 2017. Cytomegalovirus reactivation is
associated with increased risk of late-onset invasive fungal disease after
allogeneic hematopoietic stem cell transplantation: a multicenter study
in the current era of viral load monitoring. Biol Blood Marrow Transplant
23:1961-1967. https://doi.org/10.1016/j.bbmt.2017.07.025.

. Green ML, Leisenring W, Xie H, Mast TC, Cui Y, Sandmaier BM, Sorror ML,

Goyal S, Ozkék S, Yi J, Sahoo F, Kimball LE, Jerome KR, Marks MA, Boeckh M.
2016. CMV viral load and mortality after hematopoietic cell transplantation: a
cohort study in the era of preemptive therapy. Lancet Haematol 3:e119-e127.
https://doi.org/10.1016/52352-3026(15)00289-6.

. Food and Drug Administration. 2017. Letermovir data. Food and Drug

Administration, Washington, DC.

. Marty FM, Ljungman P, Chemaly RF, Maertens J, Dadwal SS, Duarte RF,

Haider S, Ullmann AJ, Katayama Y, Brown J, Mullane KM, Boeckh M,
Blumberg EA, Einsele H, Snydman DR, Kanda Y, DiNubile MJ, Teal VL, Wan
H, Murata Y, Kartsonis NA, Leavitt RY, Badshah C. 2017. Letermovir pro-
phylaxis for cytomegalovirus in hematopoietic-cell transplantation. N
Engl J Med 377:2433-2444. https://doi.org/10.1056/NEJMoa1706640.

. Vanstraelen K, Prattes J, Maertens J, Lagrou K, Schoemans H, Peersman N,

Vermeersch P, Theunissen K, Mols R, Augustijns P, Annaert P, Hoenigl M,
Spriet 1. 2016. Posaconazole plasma exposure correlated to intestinal
mucositis in allogeneic stem cell transplant patients. Eur J Clin Pharmacol
72:953-963. https://doi.org/10.1007/500228-016-2057-6.

. Prohn M, Viberg A, Zhang D, Dykstra K, Davis C, Macha S, Sabato P, de

Alwis D, Iwamoto M, Fancourt C, Cho CR. 2021. Population pharmacokinetics
of letermovir following oral and intravenous administration in healthy partici-
pants and allogeneic hematopoietic cell transplantation recipients. CPT Phar-
macometrics Syst Pharmacol 10:255-267. https://doi.org/10.1002/psp4.12593.

. Royston L, Royston E, Masouridi-Levrat S, Vernaz N, Chalandon Y, Van

Delden C, Neofytos D. 2021. Letermovir primary prophylaxis in high-risk
hematopoietic cell transplant recipients: a matched cohort study. Vac-
cines (Basel) 9:372. https://doi.org/10.3390/vaccines9040372.

. Royston L, Royston E, Masouridi-Levrat S, Chalandon Y, Van Delden C,

Neofytos D. 2021. Predictors of breakthrough clinically significant cyto-
megalovirus infection during letermovir prophylaxis in high-risk hemato-
poietic cell transplant recipients. Immun Inflamm Dis 9:771-776. https://
doi.org/10.1002/iid3.431.

. Erb-Zohar K, Kropeit D, Scheuenpflug J, Stobernack H-P, Hulskotte E, van

Schanke A, Zimmermann H, Riibsamen-Schaeff H. 2017. Intravenous hydroxy-
propyl B-cyclodextrin formulation of letermovir: a phase |, randomized, sin-
gle-ascending, and multiple-dose trial. Clin Transl Sci 10:487-495. https://doi
.0rg/10.1111/cts.12483.

. Isberner N, Aghai F, Schirmer D, Bolz M, Kraus S, Grigoleit GU, Klinker H.

2020. Determination of letermovir serum levels can be useful in high-risk

August 2022 Volume 66 Issue 8

20.

21.

22.

23.

24,

25.

Antimicrobial Agents and Chemotherapy

clinical settings. J Pediatric Infect Dis Soc 9:402-403. https://doi.org/10
.1093/jpids/piaa036.

. Penack O, Marchetti M, Ruutu T, Aljurf M, Bacigalupo A, Bonifazi F, Ciceri

F, Cornelissen J, Malladi R, Duarte RF, Giebel S, Greinix H, Holler E, Lawitschka A,
Mielke S, Mohty M, Arat M, Nagler A, Passweg J, Schoemans H, Socié G, Solano
C, Vrhovac R, Zeiser R, Kroger N, Basak GW. 2020. Prophylaxis and management
of graft versus host disease after stem-cell transplantation for haematological
malignancies: updated consensus recommendations of the European Society
for Blood and Marrow Transplantation. Lancet Haematol 7:e157-e167. https:/
doi.org/10.1016/52352-3026(19)30256-X.

. McCrea JB, Macha S, Adedoyin A, Marshall W, Menzel K, Cho CR, Liu F,

Zhao T, Levine V, Kraft WK, Yoon E, Panebianco D, Stoch SA, Iwamoto M. 2019.
Pharmacokinetic drug-drug interactions between letermovir and the immu-
nosuppressants cyclosporine, tacrolimus, sirolimus, and mycophenolate mofe-
til. J Clin Pharmacol 59:1331-1339. https://doi.org/10.1002/jcph.1423.

. Deleenheer B, Spriet I, Maertens J. 2018. Pharmacokinetic drug evaluation

of letermovir prophylaxis for cytomegalovirus in hematopoietic stem cell
transplantation. Expert Opin Drug Metab Toxicol 14:1197-1207. https://
doi.org/10.1080/17425255.2018.1550485.

. Adedoyin A, Fancourt C, Menzel K, Zhao T, Tomek C, Panebianco D, McCrea

JB, Stoch SA, Iwamoto M. 2021. Assessment of pharmacokinetic interaction
between letermovir and fluconazole in healthy participants. Clin Pharmacol
Drug Dev 10:198-206. https://doi.org/10.1002/cpdd.852.

. Marshall WL, McCrea JB, Macha S, Menzel K, Liu F, van Schanke A, de Haes

JIU, Hussaini A, Jordan HR, Drexel M, Kantesaria BS, Tsai C, Cho CR, Hulskotte EGJ,
Butterton JR, Iwamoto M. 2018. Pharmacokinetics and tolerability of letermovir
coadministered with azole antifungals (posaconazole or voriconazole) in healthy
subjects. J Clin Pharmacol 58:897-904. https://doi.org/10.1002/jcph.1094.

Terrier J, Zanella M-C, Masouridi-Levrat S, Kronig |, Chalandon Y, Vernaz
N, Van Delden C, Papanicolaou G, Neofytos D. 2021. Clinical and pharma-
cological considerations for concomitant administration of posaconazole
and isavuconazole with letermovir. Antimicrob Agents Chemother 65:
€00274-21. https://doi.org/10.1128/AAC.00274-21.

Kropeit D, von Richter O, Stobernack H-P, Riibsamen-Schaeff H, Zimmermann
H. 2018. Pharmacokinetics and safety of letermovir coadministered with cyclo-
sporine a or tacrolimus in healthy subjects. Clin Pharmacol Drug Dev 7:9-21.
https://doi.org/10.1002/cpdd.388.

Prevymis compendium suisse des médicaments. 2022. MSD Merck Sharp &
Dohme AG, Rahway, NJ. https://compendium.ch/fr/product/1382336-prevymis
-cpr-pell-480-mg. Accessed April 01, 2022.

Ljungman P, Griffiths P, Paya C. 2002. Definitions of cytomegalovirus
infection and disease in transplant recipients. Clin Infect Dis 34:1094-1097.
https://doi.org/10.1086/339329.

Ljungman P, Boeckh M, Hirsch HH, Josephson F, Lundgren J, Nichols G,
Pikis A, Razonable RR, Miller V, Griffiths PD, Disease Definitions Working Group
of the Cytomegalovirus Drug Development Forum. 2017. Definitions of cyto-
megalovirus infection and disease in transplant patients for use in clinical tri-
als. Clin Infect Dis 64:87-91. https://doi.org/10.1093/cid/ciw668.

Cassaniti I, Colombo AA, Bernasconi P, Malagola M, Russo D, lori AP,
Girmenia C, Greco R, Peccatori J, Ciceri F, Bonifazi F, Percivalle E,
Campanini G, Piccirilli G, Lazzarotto T, Baldanti F. 2021. Positive HCMV
DNAemia in stem cell recipients undergoing letermovir prophylaxis is
expression of abortive infection. Am J Transplant 21:1622-1628. https://
doi.org/10.1111/ajt.16450.

10.1128/aac.00657-22 11


https://doi.org/10.1186/s12879-017-2854-2
https://doi.org/10.1186/s12879-017-2854-2
https://doi.org/10.1016/S1083-8791(03)00287-8
https://doi.org/10.1016/j.bbmt.2017.07.025
https://doi.org/10.1016/S2352-3026(15)00289-6
https://doi.org/10.1056/NEJMoa1706640
https://doi.org/10.1007/s00228-016-2057-6
https://doi.org/10.1002/psp4.12593
https://doi.org/10.3390/vaccines9040372
https://doi.org/10.1002/iid3.431
https://doi.org/10.1002/iid3.431
https://doi.org/10.1111/cts.12483
https://doi.org/10.1111/cts.12483
https://doi.org/10.1093/jpids/piaa036
https://doi.org/10.1093/jpids/piaa036
https://doi.org/10.1016/S2352-3026(19)30256-X
https://doi.org/10.1016/S2352-3026(19)30256-X
https://doi.org/10.1002/jcph.1423
https://doi.org/10.1080/17425255.2018.1550485
https://doi.org/10.1080/17425255.2018.1550485
https://doi.org/10.1002/cpdd.852
https://doi.org/10.1002/jcph.1094
https://doi.org/10.1128/AAC.00274-21
https://doi.org/10.1002/cpdd.388
https://compendium.ch/fr/product/1382336-prevymis-cpr-pell-480-mg
https://compendium.ch/fr/product/1382336-prevymis-cpr-pell-480-mg
https://doi.org/10.1086/339329
https://doi.org/10.1093/cid/ciw668
https://doi.org/10.1111/ajt.16450
https://doi.org/10.1111/ajt.16450
https://journals.asm.org/journal/aac
https://doi.org/10.1128/aac.00657-22

	RESULTS
	Patient population.
	Letermovir TDM.
	Letermovir efficacy.
	Letermovir safety.
	Letermovir TDM, GI symptoms, and GvHD.
	Letermovir TDM and concomitant drugs.
	Risk factors for high letermovir-Ctrough.

	DISCUSSION
	MATERIALS AND METHODS
	Study design.
	Study outcomes.
	Study procedures.
	Institutional practices.
	Definitions.
	Statistical analysis.

	SUPPLEMENTAL MATERIAL
	ACKNOWLEDGMENTS
	REFERENCES

