
Page 1/16

Physiological uterine uptake of 68Ga-FAPI-04 may
limit its application in uterine pathology
Xiao Zhang 

Wuhan Union Hospital
Wenyu Song 

Wuhan Union Hospital
Chunxia Qin 

Wuhan Union Hospital
Yangmeihui Song 

Wuhan Union Hospital
Fang Liu 

Wuhan Union Hospital
Fan Hu 

Wuhan Union Hospital
Xiaoli Lan  (  xiaoli_lan@hust.edu.cn )

Union Hospital, Tongji Medical College, Huazhong University of Science &amp; Technology
https://orcid.org/0000-0002-7263-7399

Research Article

Keywords: 68Ga-FAPI-04, uterus, physiological uptake, PET/MRI, 18F-FDG

Posted Date: February 24th, 2021

DOI: https://doi.org/10.21203/rs.3.rs-249929/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-249929/v1
mailto:xiaoli_lan@hust.edu.cn
https://orcid.org/0000-0002-7263-7399
https://doi.org/10.21203/rs.3.rs-249929/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/16

Abstract
Purpose

68Ga-labeled �broblast activation protein inhibitor (68Ga-FAPI) has been useful in the imaging of
desmoplastic reaction in different tumors, as well as �brosis in in�ammatory diseases. As we have found
that most female patients showed avid uterine uptake of 68Ga-FAPI, we sought to further investigate the
physiological uptake of 68Ga-FAPI by the uterus and analyze its characteristics in women of childbearing
age, in perimenopause, and postmenopause.

Methods

We retrospectively reviewed the image data of female patients who had undergone whole-body 68Ga-
FAPI-04 PET/MRI at our institute between May 22 and December 16, 2020. The clinical information of the
patients, including age, stage of menstrual cycle if present, and gynecologic history, was collected.
Uterine volume was calculated from MR images. The characteristics of 68Ga-FAPI-04 uterine uptake were
recorded. If the patients also had undergone 18F-FDG PET/CT imaging, those image features were also
recorded. The relationship of age, uterine size, surgical history, presence of leiomyomas, and 18F-FDG
uptake to 68Ga-FAPI-04 uptake were further analyzed.

Results

Forty-three female patients were included in this study. The number of cases with uterine malignancy and
non-malignancy were two and 41, respectively. Twenty-seven patients in the benign disease group
underwent simultaneous 18F-FDG PET/CT scans. Of 41 patients with benign uterine pathology, 13
patients were of reproductive age, six were perimenopausal, and 22 were postmenopausal. A total of 25
patients had undergone invasive operations, and six patients had uterine �broids under examination.
Lower 68Ga-FAPI-04 uptake (6.58 ± 3.39, n = 22) was noted in postmenopausal women than in
reproductive and perimenopausal females (13.32 ± 3.2 and 12.98 ± 3.01, respectively, P < 0.05). The
invasive operation or accompany with uterine �broids may increase 68Ga-FAPI-04 uptake. 68Ga-FAPI-04
uptake was also associated with uterine volume (P < 0.01). There was no correlation between 18F-FDG
and 68Ga-FAPI-04 accumulation in the uterus. Two patients with malignant lesions involving the uterus
showed completely different imaging features on 68Ga-FAPI-04.

Conclusion

Physiological uterine uptake of 68Ga-FAPI-04 limits its diagnostic value in gynecologic diseases. Age,
uterine �broids and uterine volume may in�uence the uptake of 68Ga-FAPI-04 in uterus. More patients
with various uterine diseases could be involved to provide more differential diagnostic information.

Clinical Trial Registration
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NCT04605939 and NCT04554719.

Introduction
Fibroblast activation protein (FAP) is regarded as an excellent target for diagnosis and therapy in
oncology [1, 2]. 68Ga-labeled FAPI-04 (a speci�c inhibitor of FAP) is used as a PET tracer for tumor
diagnosis by visualizing desmoplastic reaction [3, 4]. It also has the potential for non-malignant diseases
associated with tissue remodeling, such as myocardial infarction, sarcoidosis, chronic in�ammation,
�brosis of lung and liver, rheumatoid arthritis, and possibly also atherosclerosis [5–10]. The clinical
applications of 68Ga-FAPI-04 PET in different diseases are being de�ned.

Some studies have reported the physiological changes in the female reproductive system using 18F-FDG
PET [11–13]. In our clinical studies to evaluate the diagnostic value of 68Ga-FAPI-04, it occurred to us that
elevated 68Ga-FAPI-04 uptake in the uterus were noted in most female patients. We reviewed the literature
and case reports on clinical studies of 68Ga-FAPI-04 and found that uterine uptake of the tracer is very
common [14–16]. Uptake patterns varied from patient to patient. There are no further discussions of the
physiological uptake of 68Ga-FAPI-04 by the uterus. Primary and metastatic malignant uterine tumors are
common [17]. The uptake of 68Ga-FAPI-04 by the uterus may affect the evaluation of uterine lesions, and
the factors related to uterine uptake are still lacking.

On the basis of the evaluation of all female patients in our institute who underwent 68Ga-FAPI-04
PET/MRI, the aim of this study was to analyze the physiological uptake and characteristics of 68Ga-FAPI
in the uterus, and to further evaluate its value in the diagnosis of uterine diseases.

Material And Methods
Patients

68Ga-FAPI-04 application in tumors and hepatic �brosis were performed at our institute, which have been
approved by the Institutional Review Board of Union Hospital, Tongji Medical College, Huazhong
University of Science and Technology (NO. 20200290 and 20200507). The need for written informed
consent was waived. The clinical trial registration numbers are NCT04605939 and NCT04554719. We
retrospectively analyzed the imaging data of all 132 patients who underwent 68Ga-FAPI-04 PET/MRI from
May 22 to December 16, 2020. The inclusion criteria for this study were (1) age ≥ 18 years, (2) female,
and (3) complete clinical and imaging data. We excluded patients who had a prior hysterectomy. All
gynecologic history and menstrual phase data were collected by clinical data or follow-up investigation.
The follow-up time was 2–8 months.

68Ga-FAPI-04 and 18F-FDG imaging protocol
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68Ga-FAPI-04 labeling was performed according to a previously described protocol [18]. 18F-FDG was
synthesized with 18F produced by a cyclotron (MINItrace®, GE Healthcare, Milwaukee, WI, USA). The
radiochemical purity was over 95% for both 68Ga-FAPI-04 and 18F-FDG.

A total of 1.8–2.2 MBq/kg 68Ga-FAPI-04 was administered intravenously. After the injection for 60 min,
the patients underwent a hybrid time-of-�ight PET/MRI examination (SIGNA™ PET/MRI, GE Healthcare,
Waukesha, WI, USA). PET acquisition was performed in 3D mode with 15 min per bed position (DFOV = 
30 cm). Simultaneous with the PET acquisition, MR imaging protocols included T1-weighted imaging
(T1WI), T2-weighted imaging (T2WI), T1-fat suppression (T1WI/FS), T2-fat suppression (T2WI/FS), and
diffusion-weighted imaging (DWI).

18F-FDG PET/CT was performed approximately 60 min after 18F-FDG (3.7–5.5 MBq/kg) administration
(Discovery VCT®, GE Healthcare).

Image analysis

All PET/MRI and PET/CT data were processed using Advanced Workstation (AW4.6, GE Healthcare) in
DICOM format. 68Ga-FAPI-04 PET/MRI and 18F-FDG PET/CT images were interpreted by three
experienced nuclear medicine physicians. 68Ga-FAPI-04 uptake in the uterine fundus, body, and cervix
were measured and expressed as maximum standardized uptake value (SUVmax) and mean
standardized uptake value (SUVmean). Uterine volume was determined by longitudinal diameter ×
anteroposterior diameter × transverse diameter × 0.45 on the MR images.

Statistical analysis

SPSS 19.0 (IBM Inc., Armonk, NY, USA) was used for data processing. Continuous variables are expressed
as mean ± SD. Analysis of variance (ANOVA) and Student’s t-test was used for quantitative data with
normal distribution and equal variances. The correlations of continuous variables (uterine size, age, 18F-
FDG and 68Ga-FAPI-04 uptake) were also analyzed with curve �t by linear, quadratic and logistic
regression. P < 0.05 was considered statistically signi�cant.

Results
Demographic and clinical characteristics of the patients

From May 22 to December 16, a total of 52 female patients underwent whole-body 68Ga-FAPI-04
PET/MRI at our institution. Nine patients with hysterectomy were excluded. There were two patients with
uterine malignancy and 41 patients without uterine malignancy in this study. Twenty-nine patients had
undergone both 18F-FDG PET/CT and 68Ga-FAPI-04 PET/MRI scans within 1 week of each other
(including 2 malignant patients).
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The �owchart and clinical information of the included patients are shown in Fig. 1 and Table 1,
respectively. Patients without uterine malignancy were divided into three groups: 13 (mean age, 34.92 ±
4.55 years) of reproductive age, six (mean age, 49.17 ± 1.17 years) in the perimenopausal stage, and 22
(mean age, 59.36 ± 6.51 years) who were postmenopausal. For females of reproductive age, 12 patients
were in the luteal phase and one in the ovulatory phase at the time of examination. One of the
perimenopausal patients was experiencing menses. From the participants without uterine malignancy
(41), 25 (60.9%) had a history of uterine invasive operation due to benign causes, including cesarean
section (14, 34.1%), pregnancy termination (7, 17.1%), intrauterine device implantation (4, 9.8%), and
myomectomy (1, 2.4%).

Patterns of uterine uptake of 68Ga-FAPI-04

The 68Ga-FAPI-04 and 18F-FDG SUVmax of uterus and uterine volume among different groups are
summarized in Table 2. Lower 68Ga-FAPI-04 uptake was noted in postmenopausal women compared with
reproductive age and perimenopausal females. Higher accumulation of FAPI in the surgical group was
found than that in patients with no surgical history (P = 0.047). Of the patients with leiomyomas, two
were perimenopausal and four were postmenopausal. In the perimenopausal and postmenopausal
periods, the patients with leiomyomas showed higher 68Ga-FAPI-04 uptake. The uterine fundus, body, and
cervix had different uptake values (SUVmax 8.27 ± 3.71, 9.44 ± 4.59 and 6.32 ± 4.26, respectively, P <
0.001, measured on coronal PET images).

Imaging features of reproductive age, perimenopausal, and postmenopausal patients

In Fig. 2, three patients in reproductive, perimenopausal, and menopausal periods showed varying
degrees of FAPI uptake in the uterus. MRI and CT images showed the expected uterine volume decrease
with increasing age. 68Ga-FAPI-04 uptake was higher in patients of reproductive and perimenopausal
stages than in postmenopausal patients (Fig. 2a–l). The images showed that the smallest uterine size
and oldest age correlated with the lowest FAPI uterine uptake values. On 18F-FDG PET/CT scans, the
uterus had low FDG uptake, with no signi�cant differences among individuals (Fig. 2m–x). In addition,
mild uptake was noted in the ovaries in this set of patients (yellow arrows).

The uterus with �broids or invasive operation

In Fig. 3a–d, when the uterus was involved by �broids (red arrows), the uptake of 68Ga-FAPI-04 increased,
especially in the �broid margin and myometrium. As shown in Fig. 3e–h, an intrauterine device (IUD,
yellow arrows) was associated with intense uptake, implying that patients who had undergone invasive
procedures may increase 68Ga-FAPI-04 uptake around the site.

The uterus with primary or secondary malignancy

In our clinical study, there were two patients with malignancy. The patient (Fig. 4) with metastases to the
uterus showed a lesion with relatively low 68Ga-FAPI-04 uptake, which was opposite to the avid
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accumulation of 18F-FDG. The case (Fig. 5) of endometrial adenocarcinoma had intense uptake of 68Ga-
FAPI-04.

Various regression analyses

Linear, quadratic, and logistic regression equations were used to assess for correlations among age,
uterine size, 18F-FDG uptake, and 68Ga-FAPI-04 uptake (Fig. 6). For uterine volume and 68Ga-FAPI-04
uptake, the linear regression equation parameters and percentage of variance accounted for R2 were y =
0.065x + 4.192 and adjusted R2 = 0.444 (P < 0.01), respectively (Fig. 6a). For age and 68Ga-FAPI-04
uptake, the linear regression equation was y = 21.67 – 0.24x and adjusted R2 = 0.389 (P < 0.01; Fig. 6b). It
showed that 68Ga-FAPI-04 uptake was positively associated with uterine volume and negatively
associated with age. For uterine size and 18F-FDG uptake, 18F-FDG and 68Ga-FAPI-04 uptake, the points
were randomly distributed throughout the plot. There were no correlations between uterine size and 18F-
FDG accumulation, or between 18F-FDG and 68Ga-FAPI-04 accumulation (P > 0.05; Fig. 6c and d).

Discussion
As a new and promising tumor imaging agent, 68Ga-FAPI-04 has been gradually applied in diagnosing
and staging of tumors [19]. However, avid 68Ga-FAPI-04 uptake in the uterus of adult women may limit the
detection of uterine lesions. Therefore, this study aimed to investigate the accumulation of 68Ga-FAPI-04
in the uterus. We found that FAPI uptake is related to age and uterine volume. Prior surgery and the
presence of �broids may increase 68Ga-FAPI-04 accumulation. FAPI uptake is lower in the normal
postmenopausal uterus. Different uptake features were found in two uterine malignancies, one primary
and one secondary. To the best of our knowledge, this is the �rst detail analysis of the uterine uptake on
68Ga-FAPI-04 PET/MRI.

In our study, most female patients showed varying degrees of FAPI uptake in the uterus. The adult uterus
is a thick walled, hollow, muscular organ [20]. FAP provides required support for muscle �ber maturation
and speci�cation [21–23]. Higher accumulations were noted in the uteri of patients of reproductive age
and in the perimenopausal period compared with postmenopausal patients. The high uterine FAP activity
may result from the tissue remodeling and angiogenesis during the menstrual cycle [23–25]. Low uptake
was noted in the ovaries, possibly due to the hormone �uctuation mainly acting on follicles rather than
mesenchyme [26, 27], which also supports the idea that 68Ga-FAPI-04 PET/MRI may be useful in the
diagnosis of ovarian diseases.

Larger uteri had higher 68Ga-FAPI-04 uptake. The size of the uterus corresponds with the thickness of the
myometrium [24, 28]. Women who undergone uterine surgery had higher uterine uptake of 68Ga-FAPI-04.
This could be due to the role played by FAP in wound healing [29], which may increase the binding of
FAPI. 68Ga-FAPI-04 uptake was also increased in postmenopausal and perimenopausal patients with
�broids, especially in the margin and surroundings of the �broid. The growth of �broids is an active
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process of �brogenesis and relies on the expansion of surrounding mature myometrial and �broid cells
[30, 31].

The two malignant cases showed completely different features. In the �rst case, one of metastatic
disease, the activity in the lesion was decreased compared with normal uterine tissue. For the other
patient with primary endometrial cancer, intensely increased and diffuse uptake involved the entire uterus,
which may be confused with physiological uptake. Although the 68Ga-FAPI-04 PET/MRI displayed the
tumor, it does not appear suitable for distinguishing uterine tumors. It appears that high SUVs do not
improve the accuracy in assessing whether a tumor has extended or metastasized to the uterus.
Combined with 18F-FDG and MR images, it may improve the diagnostic e�cacy of the malignancy in the
uterus.

There are several limitations in this study. First, the impact of the menstrual cycle on 68Ga-FAPI-04 uptake
is worth exploring, as most patients of reproductive age in this group were in the luteal phase. Therefore,
more patients in different menstrual phases should be investigated. Second, sex hormone should be
examined to provides evidence to support the relationship between sex hormone and FAPI uptake in
uterus. Last, the number of patients with uterine malignancy was small, which limited the statistical
analysis to distinguish between malignant and benign uptake.

In this preliminary study, our �ndings suggest that 68Ga-FAPI-04 PET may not be a suitable tool for the
diagnosis of uterine disease because of its high physiological uptake by the uterus. Increased uterine
uptake may be associated with age, uterine volume, surgical history, and the presence of �broids.
Because differing features of 68Ga-FAPI-04 were found in the malignant lesions, a prospective study with
a larger sample size is necessary for further evaluating the clinical value of 68Ga-FAPI-04 PET/MRI in the
uterine diseases.
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Table 1 The gynecologic status of non-malignant patients
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Patients Total

Age (years) 50.12±12.28

Phase (n, years)

  Reproductive period 13, 34.92±4.55

  Perimenopausal period 6, 49.17±1.17

  Postmenopausal period 22, 59.36±6.51

Gynecology surgery (n) 25

  Cesarean operation 14

  Induced abortion 7

  Intrauterine device implantation 4

  Myomectomy 1

No gynecology surgery (n) 16

Leiomyoma (n) 6

Contemporaneous 18F-FDG PET/CT (n) 27

 

Table 2 The SUVmax and uterine volume among different patient groups
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Patients 68Ga-FAPI-04 SUVmax 18F-FDG

SUVmax

Uterine volume (cm3)

Total      

  Average (n) 9.65±4.63 (41) 3.10±1.39 (27) 83.82±48.11 (41)

Phase      

  Reproductive period (n=13) 13.32±3.20 2.80±1.24 101.65±40.36

  Perimenopausal period (n=6) 12.98±3.01 4.30±1.66 118.70±57.17

  Postmenopausal period (n=22) 6.58±3.39 2.84±1.22 64.77±41.66

F/P 20.794/0.000 2.603/0.095 5.327/0.009

With/without operation      

Invasive operation (n=25) 10.80±4.60 3.38±1.55 95.05±51.55

None invasive operation (n=16) 7.87±4.22 2.53±0.79 66.27±37.19

T/P 2.052/0.047 1.531/0.138 1.931/0.061

With/without �broid*      

Fibroid (n=6) 11.12±4.38 4.20±1.76 120.40±68.82

Without �broid (n=22) 7.09±3.83 2.97±1.31 63.30±36.49

T/P 2.219/0.035 1.538/0.144 1.975/0.100#

*refers to perimenopausal and postmenopausal patients.

# refers to Welch’s t-test.

Figures
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Figure 1

The �ow diagram of enrolled patients
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Figure 2

68Ga-FAPI-04 PET/MRI and 18F-FDG PET/CT images of women of reproductive age, in the
perimenopausal period, and in the postmenopausal period. A 38-year-old woman of reproductive age had
avid 68Ga-FAPI-04 uptake in the uterus (SUVmax 11.9) and the breasts (SUVmax 4.5) on a maximum
intensity projection (MIP) image (a). MR scan (b) demonstrated a 112.44-cm3 uterine volume. The
corresponding 18F-FDG images (m–p) of the uterus showed slight accumulation (SUVmax 3.3). A 48-
year-old patient showed avid 68Ga-FAPI-04 accumulation (SUVmax 16.3) in the uterus (e), while low
uptake (SUVmax 3.5) of 18F-FDG (q). The uterine structure was clearly delineated by T2WI/FS image (f,
volume = 136.18 cm3). 68Ga-FAPI-04 PET images showed low uterine uptake (i, k and l, SUVmax 7.6) in a
42-year-old woman, and 18F-FDG PET/CT images (u–x) with an SUVmax value of 6.1. Abnormal
changes in the uterus were not found on T2WI/FS (j, volume = 63.40 cm3) and CT (w) images. The right
upper arm focus (i) was due to extravasation of the injection. The red and yellow arrows refer to the
uterus and ovaries, respectively.

Figure 3

68Ga-FAPI-04 imaging of patients with uterine �broids and an intrauterine device (IUD). The MIP image
(a) of 68Ga-FAPI-04 showed intense uptake in the uterus (red arrow). T2WI/FS image demonstrated
uterine leiomyoma of mixed signal intensity with internal septations (b, red arrow). The uterine tissue
squeezed by the �broids was slightly displaced, and showed high uptake of FAPI (SUVmax 16.7, c and d,
red arrows). Avid uterine accumulation was noted in the MIP image of a 53-year-old woman (e, yellow
arrow). An IUD was visualized on T1WI as an area of hypointense signal (f). Elevated 68Ga-FAPI-04
activity was distributed around the IUD (g and h, SUVmax 10.1). The red arrows point to the uterus.
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Figure 4

A woman of reproductive age had undergone gastrectomy with poorly differentiated gastric
adenocarcinoma 4 years prior to scanning. Due to increasing abdominal pain, 68Ga-FAPI-04 PET/MR
was performed for restaging. The MIP image (a) of a 68Ga-FAPI-04 PET/MRI showed the uterus (red
arrow) had elevated activity with an SUVmax of 16.1. In tomographic T2WI/FS, PET, and fusion images
(b–d, red arrows), a uterine mass (4.3 cm × 3.1 cm × 3.7 cm) was found with hypointense T2 signal and a
relative lower 68Ga-FAPI-04 uptake (SUVmax 6.0, red arrows), while avid accumulation was shown in
contemporaneous18F-FDG PET/CT images (SUVmax 8.1, e–g and k, red arrows). The lesion became
larger (5.3 cm × 4.0 cm × 4.7 cm) in the follow-up MRI imaging with enhancement and restricted diffusion
(h–j, red arrows), which implied it to be a malignancy.

Figure 5

A postmenopausal female was examined for elevated tumor markers for 1 month. 68Ga-FAPI-04 and
18F-FDG PET both showed avid uptake in the uterus (a and k, SUVmax 13.4 and 21.7, respectively). The
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uterus was also noted to have slightly inhomogeneous T2 signal and restricted diffusion (b, h, and i) with
a size of 4.8 cm × 6.6 cm × 7.0 cm. Hematoxylin-eosin (H&E) staining manifested it as endometrial
adenocarcinoma (j). The red arrows point to the uterus.

Figure 6

The relationships of continuous variables analyzed with curves �t by linear, quadratic, and logistic
regression. The uterine size plotted against 68Ga-FAPI-04 uptake (a). Age plotted against 68Ga-FAPI-04
uptake (b). Uterine size (c) and 68Ga-FAPI-04 uptake (d) plotted against 18F-FDG uptake, respectively.
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