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Gynecological malignancies currently affect about 3.5 million women all over the world. Imaging of uterine, cervical,

vaginal, ovarian, and vulvar cancer still presents several unmet needs when using conventional modalities such as

ultrasound, computed tomography (CT), magnetic resonance, and standard positron emission tomography

(PET)/CT.
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1. Assessment of Disease Extent and Quantitative Global
Disease Assessment

After the clinical (patient’s history, physical examination, and lab tests) and histological diagnosis of cancer,

defining the extent of the disease is a primary concern in oncology. Different imaging approaches should be

considered and selected for specific issues.

Generally, gynecologists perform pelvic transvaginal US as a first-level examination in combination with pelvic

palpation. For uterine cancer, pelvic MRI, which provides excellent soft tissue contrast, can be considered the gold

standard for defining the local extension of the tumor, which is essential for surgical planning . Despite the high

accuracy of US, MRI is frequently used for adnexal mass evaluation with the aim of better defining the risk of

malignancy and the anatomical relationship with pelvic organs. However, as far as LNs assessment is concerned,

MRI has low sensitivity (about 50%) . This issue is relevant since the presence of LNs metastases could

drastically change the treatment approach between upfront surgery or chemo-radiation in cervical cancer or can

require abdominal vs. minimally invasive surgery for endometrial and ovarian cancer patients, in which

lymphadenectomy moves from staging to a cytoreductive step.

MRI is often followed by a CE-CT scan in cases of high-grade uterine carcinoma, in cervical carcinoma with

revised 2018 FIGO  stages IB1–IB3, in vaginal and ovarian cancer when there is a clinical indication, and in

vulvar cancer for T2 or larger primary tumor or when metastases are suspected. Guidelines require at least the

abdomen and pelvis to be examined through CE-CT, while an X-ray is considered enough for thorax examination,

unless differently indicated by the clinician and/or if distant metastases are suspected. In these cases, CE-CT is

often supported by [ F]FDG PET/CT, which may be considered an alternative to CE-CT in particular clinical

situations (essentially when CE-CT is contraindicated) and when metastatic disease is suspected.
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In light of the great imaging potential that LAFOV PET/CT offers, regional assessment of cancer has limited value

in the overall diagnosis and management of such serious and systemic human illnesses . Indeed, simultaneous

imaging of larger portions of the body, between 106 and 194 cm, opens the possibility of global disease

assessment. In this regard, LAFOV PET/CT imaging is likely to be superior to all other conventional modalities,

which individually do not reflect a measurement of overall disease activity. LAFOV scanners also allow dynamic

imaging, providing simultaneous time-activity curves for organs or lesions not contained within the conventional

PET/CT FOV. Entire body kinetics can be reconstructed and analyzed to create parametric images that may offer

complementary information to typical Standardized Uptake Value (SUV)-scaled images . Furthermore, LAFOV

imaging has enhanced the potential role of global disease quantification and may be the right modality to enable

quantification of a patient’s global disease burden . Such data will represent an accurate simultaneous calculation

of regional activity at all disease sites, a reduction in underestimation of regional and global values related to

respiratory and cardiac motions, and the interaction between various biological systems. Finally, global disease

quantification may be used to test and validate the efficacy of novel (pharmaceutical) interventions .

LAFOV scanners, thanks to their improved spatial resolution and sensitivity and their ability to offer dynamic

imaging, may in the future become an alternative to surgical staging, providing detailed information regarding all

relevant organs and lesions simultaneously in an extended field of view .

2. Differential Diagnosis between Physiological,
Inflammatory, Benign, and Malignant Findings

In PET/CT studies with [ F]FDG, this radiolabeled glucose analogue accumulates in all metabolically active cells,

both benign (e.g., the highly glucose-avid brain cells) and malignant (i.e., dividing cancer cells) in nature.

Inflammatory and other physiologic biological processes also require glucose consumption, which can be detected

by [ F]FDG PET/CT.

Many normal metabolic and structural changes occur in the female reproductive tract in pre- and post-menopausal

women throughout their life span and periodically during the menstrual cycle. [ F]FDG PET/CT can detect these

physiologic variations, especially in the uterus and ovaries. Such patterns, which are well described in the article by

Dejanovic et al. , may be responsible for possible false-positive findings; therefore, being aware of them may

avoid misinterpretation of PET images. Some examples include functional (on a hormonal basis) ovarian [ F]FDG

uptake during the late follicular and early luteal phases of the menstrual cycle and functional uptake in the

endometrial cavity during the ovulatory and menstrual phases . Another possible false-positive finding is the

accumulation of urine activity in the ureters, mimicking lymph node metastases. Moreover, physiological bowel or

bladder activity can mask peritoneal lesions, causing false negative results . In addition to physiologic uptake,

many other processes may demonstrate increased glucose metabolism. For example, uterine leiomyomas, which

are the most common benign uterine neoplasms, show highly variable FDG uptake and can be difficult to

differentiate from uterine carcinomas or sarcomas. Inflammatory and infectious processes too, or other benign

conditions such as endometriotic implants and ureteral diverticula, may be detected as areas of increased

[ F]FDG uptake and be misdiagnosed as tumors. Several other pitfalls have been described . However, the
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most common interpretation issue in this setting is probably represented by the differentiation between malignant

and benign LNs. The use of delayed and dynamic (thus also parametric) imaging allowed by LAFOV PET/CT

scanners may help the nuclear medicine physician avoid misdiagnosing. Indeed, based on experience gained by

several research groups, it has become clear that FDG uptake in tumor lesions increases over time and reaches a

plateau at 4 to 5 h, and several types of tumors have an uptake peak significantly later than the conventional 1-h

uptake time used on SAFOV scanners . At these delayed time points, there is a significant physiologic

clearance of the radiotracer from organs and tissues such as the liver, kidneys, bladder, and blood, leading to an

increase in tumor-to-background ratios. The improved sensitivity of LAFOV systems allows for delayed imaging

with images of diagnostic quality and relatively low background noise, which may improve lesion detection and

enable fundamental biologic insights, as described by Pantel et al. . By testing the uptake curve of certain

tissues and sites in “dual phase” acquisition protocols, a major impact could be observed in the optimal

management of oncological patients, especially when the exact location and extent of the tumor are fundamental

for surgical interventions or radiation therapy planning . Some attempts at dual-time imaging have been made

with conventional scanners, but with various limitations and few applications . It could also be hypothesized

that, in some cases, a delayed imaging timepoint will show previously unseen metastatic sites with different

kinetics, suggesting biologic heterogeneity of the tumor, as previously described in other tumor entities like prostate

cancer . LAFOV PET/CT imaging may provide a full overview of tumor biological heterogeneity, guiding the

performance of targeted biopsies or allowing for a reduction in their number, which are frequently and invasively

performed in gynecological cancers. In this regard, LAFOV scanners have also shown potential for imaging more

than one molecular target at the same time with dual-tracer examination protocols . This kind of examination is

still an unmet need in the evaluation and introduction of new radiopharmaceuticals in clinical practice. These novel

radiopharmaceuticals, which explore specific biological characteristics of tumors, are currently under evaluation in

gynecological cancers with the potentiality of identifying new prognostic factors and/or new personalized therapies.

Among these, fibroblast activation protein inhibitors (FAPI) PET/CT  and fluoro-estradiol (FES) PET/CT 

have shown preliminary promising results in gynecological cancer.

LAFOV technology has also opened new perspectives in dynamic imaging , providing simultaneous time-

activity curves for organs and lesions that would not be included altogether in the FOV of conventional scanners ,

avoiding the need for simultaneous blood sampling (Figure 1).
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Figure 1. Dynamic Imaging. Maximum intensity projections (MIP) of a 69 y/o patient with ovarian cancer, scanned

dynamically with 168 MBq [ F]FDG. After injection, the first 2 min of acquisition show the early biodistribution of

the radiopharmaceutical (A–C). Image (D) shows [ F]FDG distribution at 60 min post-injection.

On a simple level, the dynamic acquisition of PET images makes it possible to clearly identify the [ F]FDG

elimination path and thus distinguish with greater certainty the urine uptake in the bladder and ureters from

neighboring sites of non-physiological uptake . In the future, dynamic imaging may even become a

complementary solution to conventional imaging protocols offered by LAFOV scanners. Indeed, the dynamic

acquisition kinetic information may prove valuable for precision medicine. Entire body kinetics datasets can be

reconstructed and analyzed to create parametric images that may offer complementary information to typical SUV-

scaled images  and improve quantification . Utilization rate (Ki) images of [ F]FDG can be provided to

visualize glucose utilization in the target lesion, not confounded by contributions from [ F]FDG in plasma . This

kinetic information can be applied to identify small regions of tumoral infiltration, as such lesions may lack adequate

contrast for detection in SUV images but sufficiently alter the kinetics within a voxel that they can be appreciated in

parametric images . Such a paradigm allows for the functional characterization of low-grade disease (cancers,

inflammation/infection) that has so far represented a pitfall in [ F]FDG imaging . Abbreviations of LAFOV scan
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protocols might allow overcoming the challenge of current long scan duration in dynamic imaging and might

possibly lead to the implementation of dynamic imaging models into the clinical routine .

3. Detection of Peritoneal Carcinomatosis and Sub-
Centimetric Metastases

Early detection of peritoneal carcinomatosis (i.e., seeding of metastatic implants in the peritoneal cavity) is an

important step in staging and restaging gynecological malignancies, mainly ovarian cancer, as it is essential for

complete cytoreductive surgery and prognostic information . As already mentioned, the presence of peritoneal

carcinomatosis in gynecological cancers is often assessed through surgical inspection. Anatomic imaging with CE-

CT and MRI (also using DW sequences) plays an important role in non-invasively assessing peritoneal

metastases. However, detection of peritoneal carcinomatosis is highly influenced by lesion size and site and the

presence of ascites . According to a recent meta-analysis, MRI and standard [ F]FDG PET/CT show similar

diagnostic performance for the detection of peritoneal metastases in patients with ovarian cancer, with a pooled

sensitivity and specificity of 92% and 85%, respectively, for DW-MRI and 80% and 90%, respectively, for PET/CT,

with sensitivity values exceeding those of CT (68% sensitivity and 88% specificity) . At PET/CT, patterns of

visualization of peritoneal carcinomatosis include a focal pattern, with single or multiple areas of hypermetabolic

activity that may become confluent, such as those involving paracolic gutters, small bowel mesentery, the pouch of

Douglas, or the abdominal cavity among bowel loops; or a diffuse pattern with diffuse thickening and intense

uptake, usually seen along the liver capsule or in the greater omentum (omental cake) . These and other sites of

metastases may go undetected on conventional PET/CT scanners if they are smaller than 1 cm in size, which is a

major flaw associated with SAFOV [ F]FDG imaging.

The ultra-high sensitivity and the possibility to perform delayed imaging of LAFOV scanners have demonstrated

higher diagnostic accuracy outputs compared to conventional PET imaging , allowing for the detection

of small tumor deposits. Higher count statistics resulting in an improvement of signal-to-noise and tumor-to-

background ratios simplify the detection of obscure small lesions  (Figure 2).
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Figure 2. Example of the high sensitivity and spatial resolution of a long-axial field-of-view scanner. A 64 y/o female

patient with cervical cancer was treated with surgery (hysterectomy and pelvic lymphadenectomy), followed by

adjuvant radiation therapy, and systemic treatment with cisplatin. For response-to-treatment assessment, the

patient underwent a PET/CT examination on the Biograph Vision Quadra scanner. (A) Maximum intensity

projection (MIP) of images acquired 60 min after injection of 130 MBq [ F]FDG. (B) PET only, (C) fused PET/CT,

and contrast-enhanced CT (D) images revealed the presence of two peritoneal metastatic lesions (red arrows,

maximum diameter 4 mm) with clearly distinguishable [ F]FDG uptake (SUV  4.6).

If a downside may be pointed out, normal structures could also appear in a redefined way on LAFOV PET/CT

images . Hopefully, the implementation of LAFOV scanners in clinical settings will increase the nuclear

medicine physicians’ experience in reading such high-definition images and avoid the risk of an increased number

of false-positive results.

4. Effective Assessment of Post-Therapy Changes

Imaging techniques such as CT and MRI (even when integrated with DWI) cannot reliably distinguish residual

disease from post-therapy changes (e.g., post-surgery and post-radiation therapy). A major flaw associated with

this limitation is the generation of false-positive cases. In this setting, [ F]PET/CT has an excellent negative

predictive value, while the number of false-positive results is still not optimal. In general, a 3-month interval is

recommended for a reliable post-therapy functional assessment, as at this time radio-induced inflammation is

thought to be resolved. Minimal residual disease and post-therapeutic local changes may have very different

kinetic parameters that could be potentially detected by using parametric maps created by LAFOV PET datasets.

This approach may in the future help to differentiate inflammation from tumor .
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5. Motion Artifacts

Imaging on SAFOV PET/CT scanners requires between 15 and 20 min for a whole-body acquisition (skull-base to

mid-thighs). During this time, the patient’s movements can lead to motion artifacts and disalignment between the

PET and the CT images, with a consequent increased risk of misreadings. Other involuntary movements that may

cause artifacts and interfere with image reading are represented by respiratory motion and heartbeat, bowel

motion, and bladder filling with radioactive urine. Such issues are not to be underestimated in patients with a

gynecological malignancy, as the pelvis represents a complex anatomical district with sites of physiological

metabolic activity that may overlap with tumor lesions and vice versa, leading to false-positive or false negative

results. LAFOV PET/CT scanners allow the implementation of fast and even ultra-fast acquisition protocols; the

Biograph Vision Quadra system provided diagnostic-quality images, comparable to those of a 16-min scan on a

SAFOV PET/CT, in 2 min . For European Association of Nuclear Medicine Research Ltd. (EARL) standard

compliant acquisition and reconstruction protocols, scan durations on the Biograph Vision Quadra could even be

reduced to 1 min . The uEXPLORER scanner provides high-quality images in an acquisition time of even 0.5

min, as found in the results of the NCT04110743 clinical trial (that has low-dose PET/CT scans, TB perfusion, and

early biodistribution understanding in healthy volunteers among its aims) and further stated in an expert consensus

on [ F]FDG PET/CT TB imaging . Moreover, decreased acquisition time leads to a reduction in the need for

sedation in debilitated patients, claustrophobic patients, and patients with difficulty laying still due to neurological,

respiratory, or pain reasons, which would otherwise most commonly represent the cases in which motion artifacts

interfere with correct imaging .

6. Radiation Exposure

One of the clear advantages of LAFOV PET/CT imaging and one of its most appreciated features is the already

mentioned possibility to reduce the administered radiopharmaceutical activity down to a tenth of what is needed on

conventional scanners and still obtain high-quality diagnostic images. The follow-up of oncological patients requires

the repetition of the same examinations performed at baseline, for the correct interpretation of anatomical (and

functional) changes, response to therapies, or evaluation of disease relapse. With LAFOV PET/CT imaging,

patients will be able to undergo multiple scans for disease re-assessment with a substantial decrease in

administered activity when compared to using conventional PET/CT systems . An example can be found in the

natural history of cervical cancer, which, in approximately one-third of patients, recurs within the first 2 years after

therapy. The sites of recurrence are the vaginal vault (better distinguishable through dynamic acquisition),

parametrial and pelvic walls, para-aortic and supraclavicular lymph nodes, and distant metastases, including

peritoneal disease. The current survival rate is low, and cure efficacy is minimal in these patients . Low-dose and

more frequent follow-up PET/CT exams on LAFOV scanners could increase the early detection of recurrence and

improve patients’ survival.

Ultra-low-dose protocols are already in use , and it can be expected that many applications will follow. In some

cases, even their use for screening purposes has been hypothesized . Subjects with a genetic-familial high-
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risk for ovarian cancer may be among the possible recipients of such an application, as the appropriateness of

imaging modalities and scheduling in these patients is still under study .

Another of the most appealing current areas of interest for ultra-low-dose PET/CT exams is pregnancy. Cancer is

diagnosed in approximately one in every 1000 pregnancies annually, with melanoma, breast cancer, cervical

cancer, lymphomas, and leukemia being the most commonly associated malignancies . LAFOV PET/CT could

allow these patients to have a TB functional oncological assessment—and the best possible disease management

—at unprecedented low-risk exposure to radiation.

Moreover, it is now being hypothesized that diagnostic PET images alone can be obtained with no or very low-dose

CT (currently needed for attenuation correction) through deep learning and new reconstruction protocols 

.

7. Pain

One of the issues most associated with cancer is pain. Gynecological oncological patients can experience it too,

especially in cases of bone metastases. The incidence of bone metastases in endometrial cancer is reported to be

6 to 15% , approximately 1.2% in ovarian cancer , and 1.1% in cervical neoplasms . Improvements in

surgery, radiation, and the development of novel chemotherapeutic agents have led to prolonged survival and an

increase in the prevalence of bone metastases. Pain may prevent patients from undergoing important

examinations like PET/CT. In these cases, even if the assessment leads to palliative treatments, it is still of utmost

importance for physicians to put their effort into offering patients a solution for their dignity and quality of life.

LAFOV PET/CT can represent a valuable solution because it can significantly shorten the acquisition time while

maintaining good detectability of lesions and diagnostic image quality .

8. Detection of Cancer-Associated Vascular Complications

Oncological patients experience cancer-associated vascular complications, with a high incidence reported for both

deep vein thrombosis and pulmonary embolism, up to a seven-fold increased risk compared to the non-oncological

population . Gynecological oncology patients are also affected and can experience recurrence of venous

thromboembolism and/or pulmonary embolism despite treatment with edoxaban or a vitamin K antagonist, with no

significant difference in outcomes among the different tumor types . Cancer-associated vascular complications

may result in an interruption of treatments or premature death. As conventional PET/CT fails to image the lower

extremities, common sites of venous thrombosis often go unassessed, and clots go undetected. A delayed imaging

of the total body may detect increased [ F]FDG uptake in blood clots as blood pool activity decreases in the

venous system. Thus, delayed TB PET/CT imaging could act as a means of detection and may have a huge impact

on the management of cancer patients and their outcome by identifying the clots earlier and with greater sensitivity

.
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9. Bone Metabolism and Osteoporosis Assessment

Women with gynecological cancer have an increased risk of cancer treatment-induced bone loss, which impacts

their quality of life and overall survival . Unfortunately, current imaging techniques have several limitations in the

reliable assessment of bone metabolism and fail to detect a decreased bone mineral density at early time points.

The currently most adopted modality is dual-energy x-ray absorptiometry (DXA), which, however, implies

overestimating the results. Sodium fluoride (NaF) PET/CT is a promising imaging tool to fill this need , and its

association with the already thoroughly discussed TB imaging advantages could represent the source of major

benefits for patients.
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