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Background: To investigate the conversion ratio of tacrolimus switching from intravenous infusion to oral
administration in patients after lung transplantation.

Methods: We retrospectively recruited patients received lung transplantation in the First Affiliated
Hospital of Guangzhou Medical Hospital from January 2015 to June 2019. The blood concentration of
tacrolimus administrated through intravenous infusion and oral administration were collected. The blood
concentration, concentration/dose ratio (C/D), and (C/Dpo)/(C/Div) ratio were analyzed to explore the
conversion ratio of tacrolimus switching from intravenous infusion to oral administration, as combined
medication of tacrolimus and caspofungin were used.

Results: The concentration of intravenously administered tacrolimus was significantly higher than that
of oral administration; the C/D ratio of intravenously administrated tacrolimus (C/Div) was significantly
higher than that of the oral administration (C/Dpo). There was a significant correlation between C/Dpo
and C/Div (R* =0.774, P<0.001). The conversion ratio of tacrolimus from intravenous administration to oral
administration was 1:7.4, as combined medication of tacrolimus and caspofungin were used.

Conclusions: The conversion ratio of tacrolimus switching from intravenous to oral administration is 1:7.4

in the combination treatment of tacrolimus and caspofungin after lung transplantation.
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Introduction therapeutic window of tacrolimus is narrow, denoting that

the therapeutic dose closes to the toxic dose. In addition,

Tacrolimus (FK506) belongs to the family of calcineurin the pharmacokinetics shows a high inter-individual

inhibitors and is a first-line immunosuppressant to prevent variability. The high blood concentration of tacrolimus

rejection after organ transplantation. In the recent years, might cause a variety of toxic and side effects; otherwise,

FK506 has been widely used to prevent graft-versus-host
disease (GVHD) after organ transplantation (1-5). GVHD

graft rejection would occur owing to the insufficient blood
concentration. Therefore, it is critical important to monitor

is one of the leading causes of death in patients after lung
transplantation. Therefore, the prevention of severe GVHD
is a crucial factor in the success of the treatment. The
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the concentration of tacrolimus during treatment.
Fungal infections are prone to occur after lung
transplantation. Therefore, the prophylactic use of
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antifungal drugs after lung transplantation commonly serves
as a standard treatment option after lung transplantation
(6,7). Caspofungin is one of the most widely used antifungal
drugs in clinical practices and plays a key role in preventing
and treating fungal infections after transplantation. However,
as tacrolimus and caspofungin are used in combination,
caspofungin would significantly inhibit the metabolism of
tacrolimus and reduces the concentration of tacrolimus (8,9).

"Tacrolimus is usually administrated through intravenous
immediately after lung transplantation. Once the patient’s
gastrointestinal tract tolerates the medicine (usually two to
four days after surgery), oral administration would be used.
Since the pharmacokinetics of intravenous infusion and
oral administration of tacrolimus are markedly diverse with
broadly range of bioavailability, it is difficult to determine
the dose adjustment when there is a switch from continuous
intravenous infusion to oral administration of tacrolimus,
which leads to substantial change in its pharmacokinetic
parameters and blood concentration (10). Thus, it would
be of great importance to determine the conversion ratio
of tacrolimus from intravenous to oral administration.
However, the dose adjustment from intravenous to oral
administration with drug combination of tacrolimus
and caspofungin, has not been well elucidated in lung
transplantation. In this study, we aimed to determine the
conversion ratio of tacrolimus from intravenous to oral
administration when used in combination with caspofungin
after lung transplantation.

We present the following article in accordance with the
“The Strengthening the Reporting of Observational Studies
in Epidemiology (STROBE) Statement” guideline checklist
(available at http://dx.doi.org/10.21037/jtd-20-1191).

Methods
General information

Patients who underwent the first lung transplantation
at the First Affiliated Hospital of Guangzhou Medical
University from January 2015 to June 2019 were included.
The inclusion criteria were as follow: (I) tacrolimus was
first administered through intravenous infusion after lung
transplantation and switched to oral treatment after the
gastrointestinal function was restored; (II) caspofungin
antifungal therapy was used; (III) tacrolimus blood
concentration was monitored. The exclusion criteria: (I)
patients with severe liver dysfunction: transaminase more
than three times the normal value or Child-Pugh score
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>10 points; (I) patients taking fluconazole, voriconazole,
or similar drugs that could significantly increase the blood
concentration of tacrolimus; (III) cases where information
was incomplete or could not be collected.

Ethical statement

The study was conducted in accordance with the Declaration
of Helsinki (as revised in 2013) and the Harmonized
Tripartite Guideline for Good Clinical Practice from the
International Conference on Harmonization. This study
was approved by the First Affiliated Hospital of Guangzhou
Medical University Medical Ethics Board (approval number
2020 No. K-08). All patients enrolled completed the
informed consent form.

Study method

Immunosuppressive treatment plan

The triple immunosuppressive therapy with tacrolimus +
Mofetil Mycophenolate + methylprednisolone was routinely
performed after surgery. The initial intravenous tacrolimus
dose was 0.02 mg/kg/day, with target blood concentration
10-15 ng/mL (11), the maintenance dose of the drug
would be adjusted according to the blood concentration.
As patients could tolerate oral administration of medicine
(usually 2-4 days after surgery), the administration route
of tacrolimus was switched from continuous intravenous
infusion to daily oral capsules. The starting dose of oral
administration of tacrolimus was 0.1 mg/kg/day, with target
blood concentration 10-15 ng/mL, likewise, the maintenance
dose of the drug would be adjusted according to the blood
concentration. Once the oral administered of tacrolimus
started, the intravenous administration route ceased.

Antifungal treatment plan

The dosage of caspofungin was 70 mg intravenous injection
once on the first day after surgery and 50 mg
intravenous injection once a day starting from the second day.

Determination of blood concentration of tacrolimus

The tacrolimus blood concentration was measured on
the last day of intravenous administration and the second
day of oral administration, with the whole blood trough
concentration tested at 30 min before oral administration.
A total of 2 mL of venous blood was drawn and
placed in an anticoagulated blood collection tube with
ethylenediaminetetraacetic acid (EDTA) for testing. The

7 Thorac Dis 2020;12(8):4292-4298 | http://dx.doi.org/10.21037/jtd-20-1191


http://dx.doi.org/10.21037/jtd-20-1191
file:///F:/JTD%e6%ad%a3%e5%88%8a/2020%e5%b9%b4/JTD-V12N4/JTD-V12N4/javascript:;
file:///F:/JTD%e6%ad%a3%e5%88%8a/2020%e5%b9%b4/JTD-V12N4/JTD-V12N4/javascript:;
file:///F:/JTD%e6%ad%a3%e5%88%8a/2020%e5%b9%b4/JTD-V12N4/JTD-V12N4/javascript:;

4294

Table 1 Characteristics of patients with lung transplantation

Characteristics Outcome (n=63)

Age

Median, year (range) 59 (33-75)
Gender, n (%)

Male 39 (61.9)

Female 24 (38.1)
Body weight

Median, kg (range) 61 (48-72)
Primary disease, n (%)

Pulmonary interstitial fibrosis 29 (46.0)

End-stage COPD 20 (31.8)

Bronchiectasis 9(14.3)

Silicosis 5(7.9)
Type of lung transplantation, n (%)

Left lung 25(39.7)

Right lung 14 (22.2)

Bilateral lung 24 (38.1)
Survival rate, %

1 month 88.9

3 months 75.2

COPD, chronic obstructive pulmonary disease.

blood samples were sent to the Pharmacy Department
of the First Affiliated Hospital of Guangzhou Medical
University. The concentration of tacrolimus was monitored
by the chemiluminescence microparticle immunoassay
(CMIA) with Axsym System fluorescence polarization
immunoassay (Abbott, USA). The calibration, quality
control, and detection reagents were all from the AxXSYM
Vancomycin II Reagent Pack. The detection range was
0.5-1,000 ng/mL. The oral dosage of tacrolimus was
adjusted by the clinician based on the patient’s conditions.

Data collection and evaluation

A retrospective study on patients after lung transplantation
when tacrolimus was combined with caspofungin was
used to compare the blood concentration/dose ratio
[C/D, (ng/mL)/(mg/day)] of intravenously administered
tacrolimus (C/Div), to the blood C/D for oral administration
(C/Dpo). The conversion ratio of tacrolimus administration
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switched from the intravenous to the oral route was studied.
Statistical analysis

SPSS version 22.0 (SPSS Inc., Chicago, USA) and
GraphPad Prism 5.0 (GraphPad Inc., USA) software was
used to statistically analyze the data and compare the
results from continuous intravenous administration to oral
administration of tacrolimus. The blood concentration
and C/D were compared using paired t test; the
relationship between C/Div and C/Dpo was analyzed using
linear regression. P<0.001 was considered statistically
significant.

Results
Demographical information

Sixty-three patients were included in this study, including
39 males and 24 females, aged 3375 years old. There were
25 cases of left lung transplantation, 14 cases of right lung
transplantation, and 24 cases of double lung transplantation.
The primary diseases were pulmonary interstitial fibrosis
(29 cases), end-stage COPD (20 cases), bronchiectasis
(9 cases), and silicosis (5 cases). The one-month survival rate was
88.9%, and the three-month survival rate was 75.2% (Table 1).

Blood concentration and C/D of tacrolimus switched
from continuous intravenous administration to oral
administration

The median concentration of tacrolimus was 15.7 ng/mL
(range, 4.5-26.9 ng/mL) during the continuous intravenous
administration and 9.2 ng/mL (range, 3.5-22.4 ng/mL)
after switching to oral administration (Figure 1A4). The
concentration of tacrolimus administered intravenously
was significantly higher than that of oral administration
(P<0.001). Similarly, the median value of C/Div was
14.9 [(ng/mL)/(mg/day)] {range, 7.5-36 [(ng/mL)/(mg/day)]},
and the median value of C/Div was 1.92 [(ng/mL)/(mg/day)]
{range, 0.7-5.3 [(ng/mL)/(mg/day)]} (Figure 1B). The
C/D of tacrolimus by intravenous administration was

significantly higher than the oral C/D (P<0.001).

Correlation analysis between tacrolimus C/Dpo and C/Div

There was a significant correlation between tacrolimus
C/Dpo and C/Div (R’ =0.774, P<0.001). The linear regression
line in the figure indicated that the ratio of tacrolimus
intravenous to oral conversion was 1:7.4 (Figure 2).
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Figure 1 Result of the switch from continuous intravenous infusion to oral administration of tacrolimus. (A) Comparison of the effect of

continuous intravenous infusion administration and oral administration on the plasma concentration of tacrolimus. (B) Comparison of

continuous intravenous administration with oral administration concerning the concentration/dose ratio (C/D) of tacrolimus. C: concentration;

D: dose; iv: intravenous injection.
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Figure 2 Correlation analysis of tacrolimus C/Dpo and C/Div. C,

concentration; D, dose; iv, intravenous injection.

Discussion

Tacrolimus is a novel immunosuppressant with a
23-membered cyclic macrolide structure, which
mainly inhibits T lymphocytes by locking the release
of interleukin-2 (IL-2). It has the advantages of strong
pharmacodynamics (10 to 100 times greater strength than
that of cyclosporin A) (10), low dosage, high graft survival,
and low incidence of acute rejection. The European
Consensus Conference in 2009 has recommended its anti-
rejection treatment for solid organ transplantation (12).
Lung transplantation patients are vulnerable to fungal
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infection, particularly of invasive aspergillosis (IPA), with
a mortality rate of 74-92% (13). Although amphotericin
B has been the first-line therapy in IPA, the severe side
effects (e.g., nephrotoxicity, fever, chills) limit its widely use
in clinical practice (14). Voriconazole has been approved
as a effective drug against Aspergillu with generally good
toleration and safety (15,16). However, voriconazole inhibits
the cytochrome 450 and has severe drug interactions with
calcineurin inhibitors such as cyclosporine and tacrolimus.
As combined medication of tacrolimus and voriconazole
are used, the concentration and immunosuppressive
activity of tacrolimus increase (17), resulting in excessive
immunosuppression. Caspofungin, has now become the first-
or second-line therapy in lung transplant recipients for its
remarkable efficacy and safety. The previous studies (18,19)
reported that caspofungin acted as effective as amphotericin
B in IPA, and had lower incidence of adverse events.

Since the gastrointestinal function of the patients after
lung transplantation is not entirely restored, tacrolimus is
commonly intravenously infused for 3-4 days, after that,
the oral administration route will be sequentially used.
However, the conversion ratio of tacrolimus from the
intravenous to oral administration is difficult to determine
due to the following reasons:

(I The half-life (t,,) of tacrolimus is 3.5 to 40.5 h,
and the oral bioavailability ranges from 4% to 89%
with an average of about 25% (20). If the same dose
of tacrolimus was given orally as that administered
intravenously, the drug blood concentration
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would be changed (10). The bioavailability results
could not be used to estimate the conversion
ratio of tacrolimus switching from intravenous
administration to oral administration.

(II) Caspofungin could affect the blood concentration
of tacrolimus. Tacrolimus is mainly metabolized
by the liver cytochrome P450 (CYP450)-3A
enzyme system and its blood concentration
is highly related to the activity of metabolic
enzymes (21). Caspofungin is mainly metabolized
as an inactive substance in the liver, and serves
as an inducer of liver drug-metabolizing
enzymes, which can increase the metabolism of
tacrolimus (22). Therefore, the dose of tacrolimus
would be increased when used with caspofungin
in combined therapy. The conventional oral
dose of tacrolimus after lung transplantation is
0.08 mg/kg/day, whereas, in this study, the oral
dose of tacrolimus was increased to 0.1 mg/kg/day
(a 30% increase) due to the use of caspofungin.

(III) The therapeutic window of tacrolimus is narrow (23)
(whole blood trough concentration needs to be
maintained within 5-10 ng/mL), which denotes
that the therapeutic dose is close to the toxic dose.
The excessive blood concentration will cause
kidney damage, and infection induced by excessive
immunosuppression (24), whereas, an extremely
low drug concentration may result in host
rejection (25,26).

Therefore, in attempt to reduce the fluctuation of blood
drug concentration, it would be great of importance to
determine the conversion ratio of tacrolimus switching
from intravenous to oral administration. Currently, the
whole blood trough concentration is generally used as
a monitoring index of tacrolimus, and the individual
therapeutic dosage adjustments are accordingly performed
in clinical practice. Studies have reported the optimal
plasma concentration of tacrolimus ranged 10-15 ng/mL
within ten months after lung transplantation (11).
Therefore, it is necessary to routinely monitor the blood
concentration of tacrolimus after lung transplantation,
adjust the dosage according to the monitoring results to
reach the target blood concentration to improve efficacy,
and reduce the incidence of adverse reactions. Suetsugu
et al. (27) showed that the conversion ratio of tacrolimus
switched from intravenous to oral administration was 1:5
when combined medication with fluconazole, while the
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conversion ratio was 1:3 as tacrolimus used in combination
with voriconazole or itraconazole. The reason for this
difference is that tacrolimus is mainly metabolized by
the liver CYP3A, while voriconazole is metabolized
by CYP2C19, CYP2C9, and CYP3A4, and serves as a
strong inhibitor of liver drug-metabolizing enzymes.
Voriconazole’s inhibition of liver drug-metabolizing
enzymes results in slower metabolism of tacrolimus, which
leads to an increase in its blood concentration. However,
to date, no dose adjustment of tacrolimus switching from
the intravenous route to the oral route has been reported in
patients with lung transplantation when the medicine was
used in combination with caspofungin.

In this study, the regression analysis of the tacrolimus
C/D for intravenous administration and oral administration
showed that the slope of the regression line was 0.136,
it was therefore plausible that the conversion ratio of
tacrolimus switched from intravenous to oral administration
was 1:7.4. Taken this into account, as patients with lung
transplantation undergo combination therapy with
caspofungin with the intravenous dose of tacrolimus is
1 mg/kg/d, the dose of 7.4 mg/kg/d is required when
switching from the intravenous route to the oral route
in order to maintain the blood drug concentration of
tacrolimus. Tacrolimus is mainly metabolized by the liver,
and the condition of liver function directly affects its
blood concentration and the conversion ratio. Although
liver function abnormalities are rare in patients after lung
transplantation, this study excluded patients with liver
dysfunction to obtain more reliable results by reducing the
heterogeneity of results.

Some limitations should be acknowledged. Our study
was conducted in a single center with small sample sizes,
which limited the generalizability of our findings. The
further prospective and long-term follow-up studies are
needed to confirm the conversion ratio of tacrolimus
from intravenous to oral administration when used in
combination with caspofungin after lung transplantation.
However, the current study provided a recommendation for
the dose adjustment of tacrolimus for oral administration
in patients undergoing lung transplantation, guiding the
clinician to adjust the dosage and reduce the fluctuation of
blood concentration of tacrolimus caused by the change of
the administration route, all of which would considerably
improve the clinical efficacy, avoid the adverse events,
and provide a reference for the rational and safe use of
tacrolimus in the clinical practice.
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Conclusions

The conversion ratio of tacrolimus switched from
intravenous administration to oral administration was
1:7.4 when tacrolimus was combined with caspofungin to
treat patients with lung transplantation. Thus, when the
intravenous dose of tacrolimus is 1 mg/kg/d, 7.4 mg/kg/d
is required to switch to oral administration to maintain the
same blood drug level.
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