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ABSTRACT

The identification of characteristic genetic alteration in gynaecological malignancies has opened the door for molecular
targeted therapy. The purpose of this review is to provide a primer for the radiologist on these agents with emphasis on
the role of imaging in treatment response assessment and drug toxicities. The use of targeted therapy in gynaecological
malignancies will likely increase in the future and make the role of the radiologist critical in response assessment and

detection of toxicities.

INTRODUCTION

Gynaecological malignancies account for 11.7% of all
malignancies; the estimated annual incidence of gynaeco-
logical malignancies is 94,990 with approximately 28,790
deaths in the USA." Management of gynaecological ma-
lignancies is challenging because of striking heterogeneity
in the prognosis.

In the past decade, there have been dramatic advances in our
understanding of the pathological and molecular basis of
gynaecological malignancies, leading to availability of a spec-
trum of molecular targeted therapeutic options. Just between
November 2014 and February 2015, two molecular targeted
agents were approved by the US Food and Drug Adminis-
tration (FDA) in a subset of bevacizumab for platinum-
resistant epithelial ovarian cancer and olaparib for breast
cancer (BRCA)-mutation-associated ovarian cancer. In ad-
dition, olaparib is recommended under the National Institute
for Health and Care Excellence guidelines for the maintenance
treatment of BRCA1 or BRCA2 mutated, relapsed, platinum-
sensitive ovarian, fallopian tube and peritoneal cancer in
people whose relapsed disease has responded to platinum-
based chemotherapy.” Novel targeted therapy has been actively
tested and is now an important option for gynaecological
malignancies, including epithelial ovarian malignancies, en-
dometrial malignancies, vulvar malignancies, uterine sarco-
mas and lymphomas involving gynaecological organs.” !

With these advances, the role of imaging and that of the
radiologist has evolved. With the increasing use of targeted
therapy, imaging plays a critical role in assessing the re-
sponse to these novel drugs and in detection of drug- and
class-specific toxicities that are often first detected on im-
aging studies. The aim of this review is to discuss the
evolving role of imaging, particularly as it relates to
emerging molecular targeted therapies and the commonly
encountered potential toxicities of which radiologists
should be aware of.

RECENT ADVANCES IN MOLECULAR
TARGETED THERAPY OF

EPITHELIAL MALIGNANCIES

Ovarian malignancy

Ovarian cancer is the second most common gynaecological
malignancy and the leading cause of death of gynaeco-
logical malignancies." About 90% of ovarian malignancies
are derived from epithelial cells. Primary treatment of
presumed ovarian malignancies consists of cytoreductive
surgery followed by systemic chemotherapy.*> Most but
not all patients with epithelial ovarian malignancies receive
adjuvant chemotherapy. Recommended chemotherapy
regimen is the combination of intravenous paclitaxel plus
cisplatin.* Despite marginal improvement in 5-year overall
survival during the past 15 years, most patients relapse after
primary treatment and lead to disease progression. Several
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therapeutic options are available for treatment of recurrent
ovarian malignancies,” including molecular targeted therapies
such as anti-angiogenic agents, inhibitors of the enzyme poly
adenosine diphosphate (ADP) ribose polymerase (PARP inhib-
itors) and hormonal agents.*®!>!®2!

Anti-angiogenic agents

Angiogenesis plays an important role not only in normal
ovarian physiology but also in the pathogenesis of epithelial
ovarian malignancies and their progression through ascites
formation, and metastatic spread.”>> Therefore, angiogene-
sis has been a key target in clinical cancer research. Bevacizumab
is a recombinant humanized monoclonal IgG1 antivascular en-
dothelial growth factor (VEGF) antibody which prevents VEGF
from binding to its receptor. Bevacizumab blocks growth and
maintenance of tumour-associated blood vessels. Recently, several
Phase III randomized trials»'® have assessed combination therapy
with bevacizumab for recurrent ovarian malignancies (Figure 1).
In a study of 361 patients with platinum-resistant recurrent
ovarian cancer, Pujade-Lauraine et al'’ demonstrated that
adding bevacizumab to chemotherapy significantly improved
progression-free survival and objective response rate, al-
though the overall survival was not significantly different.
Based on these trials, bevacizumab plus chemotherapy for
platinum-resistant epithelial ovarian cancer was approved by
the FDA in November 2014. Several other anti-angiogenic
agents, including aflibercept, nintedanib, trebananib, pazo-
panib, sunitinib, sorafenib and cediranib, also have been in-
vestigated in epithelial ovarian malignancies but not approved
by FDA yet.

Poly ADP ribose polymerase inhibitors

PARP inhibitors work synergistically with the deficiencies of
DNA repair seen in cancer occurring in patients with BRCAI or
BRCA?2 mutations.”® In addition, PARP inhibitors also show
activity in high-grade serous ovarian malignancy occurring in
patients who do not harbour a BRCAI or BRCA2 mutation,
likely due to the loss of BRCA function from deletion, somatic
mutations or methylation.”” Olaparib (AZD2281) is an oral
PARP inhibitor that has undergone the most extensive in-
vestigation in ovarian malignancies. Olaparib is active in

Suh et a/

BRCAI- and BRCA2-mutated patients with chemotherapy-
resistant ovarian malignancies, especially those with platinum-
sensitive disease (Figure 2).5121416 Based on these studies, ola-
parib for BRCA-mutation-associated ovarian cancer received
regulatory approval from FDA in February 2015.

Hormonal agents

Since endometrioid ovarian cancer is often oestrogen receptor
(ER)/progesterone receptor (PR) positive, hormonal treatment
also can be a therapeutic option for recurrent endometrioid type
of epithelial ovarian cancer.”® For females with radiological ev-
idence of disease progression but with little or no symptoms
associated with recurrent ovarian epithelial malignancies, hor-
monal treatment can be an option.”!

Endometrial malignancy

Endometrial cancer is the most common gynaecological ma-
lignancy and the second most common cause of death of
gynaecological malignancies." Adenocarcinomas of the endo-
metrium are the most common histological type of endometrial
cancer. Total hysterectomy and bilateral salpingo-oophorectomy
is usually curative for females who present with low-risk disease.
Females with intermediate- or high-risk disease may benefit
from adjuvant therapy.*

Hormonal agents

Hormonal treatment is suggested as an initial treatment option
for patients in whom secondary cytoreduction or cytotoxic
chemotherapy is not planned.*” The role of hormonal treatment
in recurrent or metastatic cancer has been primarily evaluated in
patients with endometrioid histology.”’ Hormonal treatment
agents include progestational agents, tamoxifen, aromatase
inhibitors (e.g. anastrozole) (Figure 3) and megestrol/tamoxifen
(alternating).’®™*' Progestational agents are mainly used for
metastatic disease.”>*>***® For asymptomatic or low-grade
disseminated metastases, progestational agents have shown
good responses, particularly in patients with ER/PR-positive
disease.”>**>***” Tamoxifen with alternating megestrol®*>>>%*!
and aromatase inhibitors are also being used (Figure 3).>%*!
Tamoxifen has a 20% response rate in those who do not respond
to progesterone agents.’”*’

Figure 1. A 76-year-old female with metastatic ovarian carcinoma on treatment with bevacizumab complicated by tumour-bowel
fistula. (@) Coronal contrast-enhanced CT scan obtained at baseline (left) shows a right pelvic side-wall metastatic tumour (arrow).
Coronal contrast-enhanced CT scan obtained 1 month after the start of the treatment (right) demonstrates small focus of air in the
tumour (arrow). (b) Enema study with water-soluble contrast demonstrates the fistulous connection between the caecum and the

right pelvic side-wall tumour (arrow).
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Figure 2. A 55-year-old female with recurrent ovarian cancer on treatment with olaparib complicated by colitis. (a) Coronal
contrast-enhanced CT images before (left) and after (right) treatment show interval decrease in the size of metastatic deep-pelvic
soft-tissue masses (arrows). (b) Coronal contrast-enhanced CT image shows diffuse wall thickening involving transverse colon with

pericolic stranding consistent with colitis (arrows).

Vulvar malignancy

Vulvar cancer is the fourth common gynaecological malignancy
and accounts for 5% of malignancies of the female genital tract.'
Approximately 90% of vulvar cancer is squamous-cell carcinoma.
Treatment of choice for early stage vulvar malignancies
includes radical local excision with or without lymphade-
nectomy,*> whereas for locally advanced diseases, adjuvant/
neoadjuvant chemotherapy and radiation are often employed.*’
In spite of optimal management, there is still a high rate of
recurrence (37.3%).**

Epidermal growth factor receptor inhibitors

Several studies have demonstrated high levels of epidermal
growth factor receptor (EGFR) protein expression in vulvar
squamous-cell carcinomas and EGFR protein expression corre-
lated with advanced stage, lymph node metastases and
survival.”™*" Targeting EGFR with novel inhibitors including
erlotinib or gefitinib has shown modest clinical response
(Figure 4).* In a study of 41 patients with squamous-cell car-
cinoma of the vulva treated with EGFR inhibitor, Horowitz
et al" found an overall clinical benefit rate of 67.5% with
11 (27.5%) partial responses, 16 (40.0%) stable disease and
7 (17.5%) progressive disease.

Vaginal melanoma
Primary malignant vaginal melanoma is an extremely rare,
highly aggressive tumour and accounts for <5% of all vaginal

e
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malignancies and 0.2-0.8% of all malignant melanomas.”*~>*

Surgical excision is the primary treatment for vaginal melanoma.
The therapeutic landscape for metastatic vaginal melanoma has
rapidly changed in the past decade with availability of agents
with better efficacy than conventional chemotherapy.”>”
Ipilimumab is a monoclonal antibody directed to cytotoxic
T-lymphocyte antigen-4 and received FDA approval for metastatic
melanoma treatment in 2011.%° Vemurafenib, FDA-approved for
treatment of metastatic or unresectable melanoma with BRAF
mutation, is a specific inhibitor of the intracellular signalling
by mutated BRAF which is found in approximately half of
patients with metastatic melanoma.’® C-kit mutations may be
present in mucosal and acral subtypes of melanoma,”” for
which imatinib has demonstrated a 23% overall response rate
(Figure 5).%

ROLE OF IMAGING: EPITHELIAL MALIGNANCIES
Treatment response assessment

The Response Evaluation Criteria in Solid Tumours (RECIST 1.0
and 1.1) has become the most widely accepted criteria for re-
sponse evaluation for clinical trials and practice in most solid
tumours, including gynaecological malignancies.”®> The
RECIST, which is size-based response criteria, works well in
treatment with conventional cytotoxic chemotherapy such as
paclitaxel- or cisplatin-based regimens.* However, in patients
treated with new therapeutic agents including molecular tar-
geted agents, morphologic assessment of treatment response is

Figure 3. A 59-year-old female with metastatic endometrial adenocarcinoma on treatment with anastrozole. Axial contrast-
enhanced CT image before the start of chemotherapy (left) shows multiple ill-defined low-attenuation hepatic metastatic lesions
(arrows). Axial contrast-enhanced CT image after 2 months of chemotherapy (right) shows significant interval decrease in size of
hepatic metastatic lesions (arrows).
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Figure 4. A 57-year-old female with metastatic vulvar carcinoma on treatment with erlotinib. Coronal contrast-enhanced CT images
before (left) and after (right) treatment show interval decrease in size of bilateral metastatic adrenal lesions (arrows). Also note the

interval decrease in left-sided pleural effusion.

needed because of the mechanism of action of these therapeu-
tic agents.

For example, the anti-angiogenic agents often show response
with a decrease in tumour attenuation and enhancement with
stable-to-mild decrease in tumour size.®” Occasionally, response
with these agents may mimic tumour progression (pseudo-
progression) (Figure 5). These atypical response patterns include
an increase in size with decrease in density due to cystic change
and an increase in size with increase in density due to hae-
morrhagic change.®!

Toxicities

Radiologists should be aware of the toxicities of anti-angiogenic
agents: increased risk of gastrointestinal complications including
pneumatosis, perforation and tumour-bowel fistula (Figure 1),
which may come to attention for the first time on
imaging.'”*"° CT findings of pneumatosis include subserosal
and submucosal gas-filled cysts in gastrointestinal tract with or
without pneumoperitoneum. Pneumatosis can represent an in-
cidentally detected harmless finding or signal a more serious
underlying condition including bowel ischaemia.’® Bevacizumab
is known to cause intestinal perforation or fistulae in 1.5-4% of

Figure 5. A 63-year-old female with metastatic vaginal melanoma on treatment with imatinib. (a) Axial contrast-enhanced lung
window CT images before (left) and after (right) treatment with imatinib show interval appearance of cavitation within the right
lower lobe pulmonary nodule (arrows) consistent with treatment response. (b) Axial contrast-enhanced CT images at the same level
in soft-tissue window before (left) and after (right) treatment show mildly increased size of metastatic liver lesion but with
decreased homogeneous low density consistent with response to therapy (arrows). Interval appearance of cavitation within the
right lower lobe pulmonary nodule (arrowheads) again demonstrated.

4 of 13 birpublications.org/bjr

Br J Radiol;89:20160086


http://birpublications.org/bjr

Review article: Molecular targeted therapy in gynaecologic malignancies

patients.®>***”  Imaging findings include frank pneumo-

peritoneum, localized extraluminal locules of air or localized
fluid collections adjacent to the perforation. Although the exact
mechanism of bevacizumab-associated intestinal perforation is
unknown, the proposed mechanisms include drug-specific anti-
VEGEF effects compromising bowel wall integrity, intestinal wall
disruption because of necrosis of the serosal tumour deposits,
impaired healing of pathological or surgical bowel injury, and
ischaemia associated with mesenteric thrombosis.®> In terms of
tumour-bowel fistula, as the mass necroses, a fistula may form
from the bowel lumen into the tumour’s necrotic centre
(Figure 1).8

A common adverse effect of PARP inhibitors is chronic colitis
(Figure 2b);>% this can be seen on imaging as a spectrum of
findings ranging from fluid-filled colon-to-bowel wall thicken-
ing with or without surrounding fat stranding (Figure 2b).
Hormonal agents, in particular megestrol, are known to cause
venous thromboembolism.**

The immune-related adverse events have been reported in
patients undergoing treatment with ipilimumab, including en-
terocolitis, hypophysitis, hepatitis and pancreatitis.”” In a study
of 16 patients diagnosed with ipilimumab-associated colitis, Kim
et al’’ demonstrated that the common CT findings were mes-
enteric vessel engorgement, bowel wall thickening and fluid-
filled colonic distension. They also reported two distinct CT
patterns of ipilimumab-associated colitis: the diffuse colitis
pattern and the segmental colitis associated with diverticulosis
pattern. The presence of these immune-related adverse events
has been shown to be predictive of better clinical responses and
outcomes.””

RECENT ADVANCES IN MOLECULAR TARGETED
THERAPY OF MESENCHYMAL MALIGNANCIES
Uterine sarcomas are rare neoplasms and account for 5% of
uterine malignancies."””" These tumours are broadly classified
into three groups by composition, including tumours with both
smooth muscle and epithelial components, smooth muscle
tumours and endometrial stromal tumours.”' Perivascular epi-
thelioid cell tumour (PEComa) has received increased attention
in recent years.””

Leiomyosarcoma

Leiomyosarcomas are the second most common subtype of
uterine sarcoma comprising nearly 40% of cases. The treatment of
choice is hysterectomy, often with ovarian preservation, which can
be considered in young females with organ-confined disease.”* For
advanced or recurrent disease, chemotherapeutic regimens gen-
erally involve a combination of doxorubicin and ifosfamide.

Trabectedin (ET-743)

Trabectedin (ET-743), a tetrahydroisoquinoline alkaloid, binds
to and inhibits DNA transcription preventing the progression of
the cell cycle beyond the G2/M phase.”* It has shown efficacy in
Phase II trials in the treatment of leiomyosarcomas and myxoid
liposarcomas and is approved for use in Europe.”'> However,
trabectedin is not currently available outside of a clinical trial in
the USA.

BUR

Pazopanib

Pazopanib is a multitargeted tyrosine kinase inhibitor with
VEGEF inhibition. Pazopanib was approved by the FDA for the
advanced leiomyosarcoma that fail to respond to first-line che-
motherapy agents (Figures 6 and 7). Uterine leiomyosarcoma
exhibits 25-60% of ER and 35-60% of PR expression.””
Therefore, early trials are also being conducted in the use of
hormonal agents, including megestrol, medroxyprogesterone
and aromatase inhibitors, as targeted therapy depending on re-
ceptor status.”® In addition, depending on receptor status, mo-
lecular targeted therapy with mammalian target of rapamycin
(mTOR) inhibitors (Figure 8), cyclo-oxygenase inhibitors and
bevacizumab have been investigated.

Endometrial stromal sarcoma

Endometrial stromal sarcomas account for 10-15% of uterine
mesenchymal tumours. As with other uterine sarcomas, the
treatment of choice involves hysterectomy and bilateral salpingo-
oophorectomy. Post-operative hormonal therapy is recom-
mended for Stages I-IV, recurred or unresectable endometrial
stromal sarcomas.'®

Hormonal agents

Hormonal treatment using megestrol, medroxyprogesterone, aro-
matase inhibitors or gonadotropin-releasing hormone analogues
has been shown to be effective in endometrial stromal sarcomas as
adjuvant therapy after the surgery or in advanced disease.>>'®

Perivascular epithelioid cell tumour

PEComa is a new entity composed of distinct HMB-45 or actin-
positive epithelioid cells in a perivascular distribution. Subsets of
PEComa have aggressive biological behaviour and labelled as ma-
lignant PEComas based on large size, high grade and mitotic rate;
necrosis; and vascular invasion. Kidneys, retroperitoneum and
uterus are the most commons sites of malignant PEComa. Treat-
ment of malignant PEComa is surgical resection because they are
usually resistant to chemotherapy and radiotherapy.”

Mammalian target of rapamycin inhibitors

PEComa is increasingly recognized as a prototype for mTOR-
driven sarcomas, and treatment options are being developed to
target this pathway. The mTOR serine/threonine kinase is an
integral part of the PI3K pathway that is activated in several
mTOR-driven malignancies in regulatory genes.”” mTOR
inhibitors, including sirolimus, temsirolimus, ridaforolimus and
everolimus, are a group of drugs that inhibit the mTOR cascade
by binding to the mTOR Complex 1 protein’® These agents act
by directly inhibiting the mTOR Complex 1 protein, which is
upregulated in other tumours of the same family, including
angiomyolipoma and lymphangiomyomatosis, that are associ-
ated with tuberous sclerosis complex.”® In a study of three
PEComas patients treated with sirolimus, Wagner et al** found
significant clinical response in all the patients (Figure 9).

ROLE OF IMAGING: MESENCHYMAL
MALIGNANCIES

Treatment response assessment

Currently, RECIST is the most commonly used criteria for re-
sponse evaluation for clinical trials and practice in uterine
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Figure 6. A 43-year-old female with metastatic uterine leiomyosarcoma on treatment with pazopanib complicated by pancreatitis.
(a) Axial contrast-enhanced lung window CT images before (left) and after (right) treatment with pazopanib show decrease in size
of pulmonary metastases (arrows). Axial (b) and coronal (c) contrast-enhanced CT images of the abdomen show an ill-defined
hypodense fluid collection adjacent to proximal body of pancreas (arrows) consistent with acute pancreatitis.

sarcomas. However, response to molecular targeted therapy in
these sarcomas may be seen as changes in density with or
without changes in size. Therefore, morphological tumour re-
sponse criteria such as the Choi criteria (originally suggested for
gastrointestinal stromal tumour);’® the size and attenuation CT
criteria; and morphology, attenuation, size and structure criteria
(originally for metastatic renal cell carcinoma)®>®*! may be useful
in assessing treatment response in high-grade soft-tissue sarcoma.®
For trabectedin, treatment assessment is indicated by a decrease
in tumour density with or without tumour shrinkage.”*

Toxicities

Trabectedin has been associated with capillary leak syndrome
which appears as a generalized oedema, and pulmonary oedema
may be seen in the setting of dyspnoea.”'” CT findings show
smooth interlobular septal thickening and ground-glass opaci-
ties, consistent with pulmonary oedema which can occur as a
unilateral process.®

Pazopanib have been reported to cause hepatic steatosis, hepatitis,
pancreatitis and cholecystitis.”® Hepatic steatosis may be suggested
sonographically if the hepatic echogenicity exceeds that of the renal
cortex, if the ultrasound wave is significantly attenuated or if there
is poor delineation of the intrahepatic architecture.** Imaging
findings of hepatitis include alteration in hepatic echogenicity or
attenuation, wall thickening of the gall bladder, ascites and peri-
portal low attenuation. Pancreatitis was diagnosed on the basis of
CT imaging of an oedematous pancreas with peripancreatic in-
flammation and extremely elevated amylase and lipase levels
(Figure 6b,c).”° In a study of 15 patients receiving molecular tar-
geted therapy, Tirumani et al®> demonstrated that molecular

targeted therapy-associated pancreatitis was usually mild, focal and
managed conservatively with discontinuation of the agents. Imag-
ing findings of cholecystitis include gall bladder wall thickening,
wall oedema or hyperaemia, and pericholecystic fluid. In addition,
pazopanib is commonly implicated in vascular thrombosis
(Figure 7b,c).*® CT findings include partial or complete filling
defect of the lumen of a vein or artery.

For mTOR inhibitors, immunosuppression predisposing to infec-
tions, pulmonary toxicity (Figure 8) and gastrointestinal side effects
(diarrhoea, enteritis) has been reported as the adverse effect.®’”
Everolimus is rarely associated with acute cholecystitis probably due
to ischaemia related to endothelial injury.® mTOR inhibitors are
also related to dose-dependent non-infectious pneumonitis in
2-36% patients, and CT images show interlobar septal thickening
and ground-glass opacities with basilar and peripheral distribution
(Figure 8).°*® Less commonly, diffuse alveolar haemorrhage, al-
veolar proteinosis and desquamative interstitial pneumonia may be
seen. Gastrointestinal toxicities of mTOR inhibitors include en-
teritis and bowel perforation.””*® In a study of 46 patients treated
with mTOR inhibitors for metastatic renal cell carcinoma,
Dabydeen et al*® suggested that pneumonitis may be a marker of
stable disease by RECIST and, thus, a marker of therapeutic benefit.
Therefore, careful patient assessment should be undertaken before
the drug is discontinued.

RECENT ADVANCES IN MOLECULAR TARGETED

THERAPY OF HAEMATOLOGICAL MALIGNANCIES
Primary lymphomas of the gynaecological organs are exceed-
ingly rare. Most of these tumours are non-Hodgkin’s lymphoma,
and the most common cell type is diffuse large B-cell lymphoma
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Figure 7. A 46-year-old female with metastatic uterine leiomyosarcoma on treatment with pazopanib complicated by pulmonary
embolism and venous thromboembolism. (a) Coronal contrast-enhanced CT images before (left) and after (right) treatment show
interval decrease in the size of metastatic soft-tissue mass in the right paracolic region (arrows). (b, ¢) Axial contrast-enhanced CT
images show filling defect (arrows) in the right lower lobe pulmonary artery and in both common femoral veins.

(DLBCL).*” The prevalence of primary lymphomas of the
gynaecological organs has been reported to range from 0.2% to
1.1%. By contrast, prevalence of secondary lymphomas of the
gynaecological organs has been reported to be 7-30%.”° The
ovary is most commonly affected by lymphoma (Figure 10),
followed by the cervix, uterine corpus and vagina.”

Diffuse large B-cell lymphoma

DLBCL is the most common lymphoid neoplasm in adults
comprising approximately 30% of non-Hodgkin’s lymphoma
diagnosed annually.' During the past several decades, thera-
peutic options for DLBCL have evolved from the use of con-
ventional chemotherapy to adding molecular targeted therapy.

Figure 8. A 49-year-old female with metastatic uterine leiomyosarcoma on treatment with sirolimus. Axial (a) and coronal (b)
contrast-enhanced lung window CT images show patchy ground-glass opacities in both lungs with peripheral subpleural

distribution suggestive of drug-associated pneumonitis (arrows).

(b)
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Figure 9. A 55-year-old female with metastatic uterine perivascular epithelioid cell tumour on treatment with sirolimus. Axial
contrast-enhanced CT images before (left) and after (right) treatment show significant interval decrease in size and enhancement

of pleural-based lesions on the left side (arrows).

The advent of immunotherapeutic agents such as monoclonal
antibodies that target cell surface antigens (CD20, CD30, CD52)
have led to the development of new and effective mechanisms of
action.>>''>!7" A large number of clinical trials are currently
ongoing to evaluate novel investigational agents that target
specific pathways of B-cell malignancies.

Rituximab

Limited stage DLBCL (usually Ann Arbor Stage I or II) is primarily
treated with combined modality therapy, including systemic che-
motherapy (combination of cyclophosphamide, doxorubicin,
vincristine, and prednisone) and rituximab; anti-CD20 mono-
clonal antibody; and involved field radiation therapy. Advanced
stage DLBCL (usually Ann Arbor Stage III or IV) is primarily
treated with systemic chemotherapy plus rituximab.*® Rituximab is
also recommended for DLBCL at Ann Arbor Stages II-IV under
the National Institute for Health and Care Excellence guidelines in

conjunction with systemic chemotherapy.”" Overall response rate
was reported as 82-86% (Figure 10).”'""”

Brentuximab vedotin

Brentuximab vedotin is a CD30-directed antibody—drug conju-
gate that is used for treatment of CD30-positive lymphomas.
Brentuximab vedotin was approved by the FDA in 2011 for
treating patients with systemic anaplastic large cell lymphoma
after failure of at least one prior chemotherapy regimen. In
a study of 49 patients with DLBCL, Jacobsen et al’® demon-
strated that brentuximab vedotin was active (44% objective re-
sponse rate) across a range of CD30 expression and responses
occurred in 44% of refractory patients.

Alemtuzumab
Alemtuzumab is a humanized monoclonal antibody targeting
CD52 antigen which is widely expressed on B or T cells as well as

Figure 10. A 28-year-old female with diffuse large B-cell lymphoma involving the bilateral ovaries and retroperitoneal lymph nodes
treated with one cycle of CODOX, followed by five cycles of dose-adjusted R-EPOCH with a complete remission. (a) Axial contrast-
enhanced CT (left) and fused positron emission tomography (PET)/CT (right) axial images show intensely fluorine-18
fludeoxyglucose ("®F-FDG) avid in both ovaries. (b) Axial contrast-enhanced CT (left) and fused PET/CT (right) axial images
after five cycles of chemotherapy show significant decrease in '®F-FDG uptake in ovaries. (c) Coronal maximum intensity projection
BE_FDG PET images before (left) and after (right) treatment show significant decrease in "®F-FDG-avid lesions suggestive of
response to therapy. CODOX, cyclophosphamide, vincristine, doxorubicin, high-dose methotrexate; R-EPOCH, rituximab, etoposide,

prednisone, vincristine, cyclophosphamide and doxorubicin.

(b)

(©)
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malignant lymphoid cells.”* Alemtuzumab was initially regis-
tered for the treatment of fludarabine-refractory chronic lym-
phatic leukaemia and has shown clinical activity as a first-line
treatment for patients with chronic lymphatic leukaemia.
However, alemtuzumab has limited evidence for DLBCL. In
a study of 11 patients with refractory DLBCL, Cetin et al®
showed limited effectiveness of alemtuzumab as salvage che-
motherapy. Alemtuzumab is no longer recommended as a first-
line treatment option for chronic lymphatic leukaemia except in
the setting of del(17p).”®

ROLE OF IMAGING: HAEMATOLOGICAL
MALIGNANCIES

Treatment response assessment

The molecular targeted drugs in the lymphoma treatment are
different from drugs used in epithelial or mesenchymal malig-
nancies. Therefore, treatment response assessment of lymphoma
is also different from those of epithelial or mesenchymal ma-
lignancies. Recent advances in imaging modalities, molecular
profiling techniques and the use of prognostic indices have the
potential to improve disease characterization and outcomes in
lymphoma. Positron emission tomography (PET)/CT plays
a major role in objectively assessing response to therapy during
lymphoma treatment. The Malignant Lymphomas Imaging
Working Group response criteria, introduced in 1999 and re-
vised in 2007 and 2014, have been widely adopted.”> "> These
include guidance on reporting of PET-CT for staging and re-
sponse assessment of DLBCL. The use of Deauville five-point
scale proposed in 2009 for assessment of interim PET/CT in
patients with lymphoma has been shown to have significant
prognostic value and permit interim PET/CT-adapted strategies
(Figure 10). The five-point scale scores the most intense uptake

BUR

in a site of initial disease, if present, as follows: 1, no uptake;
2, uptake = mediastinal blood pool; 3, uptake > mediastinal
blood pool but = liver; 4, uptake moderately higher than liver;
5, uptake markedly higher than liver and/or new lesions; and
X, new areas of uptake unlikely to be related to lymphoma.
Quantitative imaging parameters (e.g&. sSUV,,.,) for assessing
disease burden and response have to be explored as potential
prognosticators.”

Toxicities

Rituximab can cause serious adverse events including tumour
lysis syndrome, infections and pulmonary toxicity (interstitial
pneumonitis).”® Pulmonary toxicity associated with rituximab
manifests clinically with cough, shortness of breath and fever
and radiologically as diffuse ground-glass opacities.”” Rituximab
and brentuximab vedotin are reportedly associated with pro-
gressive multifocal leukoencephalopathy,”®*® a rare but fatal
central nervous system infection caused by reactivation of the
latent John Cunningham (JC) virus.'®

CONCLUSION

We have attempted to provide a comprehensive review of the
targeted therapies used in gynaecological malignancies and the
radiological findings associated with these agents. Several gynae-
cological malignancies have characteristic genetic alterations that
can be targeted at a molecular level, and an increasing number of
gynaecological malignancies are being treated with molecular
targeted therapy. The use of these drugs will likely increase in the
future and make the role of the radiologist critical in treatment
response assessment and detection of toxicities of these agents.
Accurate response assessment and recognizing the class-specific
drug toxicities are important for optimal patient management.
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