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SUMMARY

Patients with lymph-node positive prostate cancer are often treated with external beam radiotherapy with androgen
deprivation therapy , but are expected to have a high rate of biochemical failure. Recently, MRI and molecular imaging

have afforded the opportunity to elucidate otherwise occult sites of recurrence after conventional imaging. We present
an unusual case of local failure within the prostate after definitive radiation treatment of lymph-node positive prostate
cancer, in which advanced imaging allowed for a potentially curative salvage treatment option.

CLINICAL PRESENTATION

A 55-year-old male first presented in May of 2013 with
an elevated serum prostate-specific antigen (PSA) of
21.97ngdl™" with no palpable prostate nodule on digital
rectal examination. An MRI of the prostate revealed a 1.9 cm
right apical-mid anterior transition zone lesion suspicious
for malignancy (Overall PI-RADS 5). Subsequent MRI
transrectal ultrasound fusion-guided biopsy of the pros-
tate was performed with 12 systematic cores and six addi-
tional targeted cores. Nine of 18 cores (three of 12 systemic
cores, six of six targeted cores, all right-sided) contained
Gleason 4 + 4=8 disease. A CT scan of the abdomen and
pelvis revealed right pelvic sidewall adenopathy with the
largest lymph node measuring 1.7cm. A CT-guided right
pelvic lymph-node biopsy confirmed metastatic prostate
cancer. The patient underwent definitive external beam
radiation therapy with neoadjuvant, concurrent, and adju-
vant androgen deprivation therapy (ADT) with a combina-
tion of bicalutamide and leuprolide. Radiotherapy included
treatment to the prostate and proximal seminal vesicles to a
dose of 79.2 Gy, pelvic lymph nodes to 66.6 Gy, and elective

pelvic lymph nodes and full seminal vesicles to 45 Gy, all
treated sequentially in 1.8 Gy daily fractions (total of 44
daily fractions). The patient opted to discontinue ADT after
18 months of adjuvant therapy (two years of total ADT).
The patient had mild acute and late toxicity, limited to
CTCAE Grade one urinary frequency and urgency. Upon
testosterone recovery, the PSA rose, meeting criteria for
biochemical failure at 4 years after completion of radiation
and 29 months after completion of ADT (PSA 2.04ngdl™,
PSA doubling time of 6 months).

INVESTIGATIONS/IMAGING FINDINGS

At the time of biochemical recurrence, the patient under-
went imaging and re-staging evaluation. A CT scan of the
abdomen and pelvis did not demonstrate the previously
seen pelvic sidewall adenopathy or other evidence of recur-
rence and a nuclear medicine bone scan did not demon-
strate specific evidence of osseous metastatic disease. An
MRI of the prostate demonstrated resolution of the orig-
inal right apical-mid anterior transition zone lesion, and
emergence of a previously unobserved midline apical-mid
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Figure 1. Axial T2W MRI shows an ill defined lesion affecting the right apical-mid anterior peripheral and transition zones prior to
treatment (A). Post-treatment axial T2W MRI shows diffuse iso-hypointense signal pattern secondary to treatment effects, with
findings consistent with treatment response and low suspicion of residual disease (B). Axial T2W MRI after biochemical recurrence
shows diffuse iso-hypointense signal pattern secondary to treatment effects along with a hypointense lesion in the midline to right
apical peripheral zone, suspicious for recurrent prostate cancer (C).

peripheral zone PIRADS four lesion (Figure 1). Also noted on
this MRI was a suspicious enhancing lesion in the left ilium
(Figure 2), which when compared to baseline imaging was felt
to represent a benign process that became more prominent due
to radiotherapy-related bone marrow changes, mainly associ-
ated with fatty replacement. On retrospective image registration
with previous radiation plan, both the resolved right apical-mid
anterior transition zone lesion and the new suspicious midline
apical-mid peripheral zone lesion received the full prescribed
radiation dose of 79.2 Gy.

The patient had additional investigational imaging to help
clarify if there was distant spread of disease. A prostate-specific
membrane antigen (PSMA)-targeted positron emission tomog-
raphy (PET), PET/CT was performed (['*F]DCF-PyL), which
revealed an area of uptake in the midline apical peripheral zone
concordant with MRI findings, but without evidence of any
avid lymph nodes or bone lesions (Figure 2). A sodium fluo-
ride PET/CT (*®*F-NaF PET/CT) scan was performed to clarify
the nature of the left iliac lesion, and demonstrated mild focal
uptake, suspicious but indeterminate. '*F-NaF PET/CT also
showed evidence of a new focal uptake in a small left anterior
sclerotic iliac bone lesion that was not seen on the MRI scan,
but that in retrospect had been present on staging CT scan in
2013.

An extensive multidisciplinary discussion led to the conclusion
that the identified bone lesions were less likely to be related to
metastatic disease based on imaging characteristics. The deci-
sion was made to pursue biopsy of both the iliac lesions seen on
the MRI and "®F-NaF PET scan. Biopsies of both lesions showed
cortical and trabecular bone and no evidence of metastatic pros-
tate cancer.

Given the lack of evidence of metastatic disease, it was felt that
a post-radiation MRI-guided TRUS prostate biopsy was appro-
priate to define the location of recurrence and to clarify treat-
ment options. Pathology from this biopsy revealed 12 systematic
cores with no viable malignancy and treatment effect, as well as
two targeted cores from the midline apical-mid peripheral zone
demonstrating Gleason 4 + 4=8 disease.

TREATMENT

The patient was evaluated in a prostate multidisciplinary clinic
where he met with urological oncology, radiation oncology, and
medical oncology to discuss various treatment options. Ulti-
mately, the patient decided to pursue surgical salvage therapy for
his presumed localized recurrence with a robotic-assisted lapa-
roscopic radical prostatectomy with bilateral extended pelvic
lymph node dissection that included bilateral external iliac,
internal iliac, and obturator lymph nodes.
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Figure 2. Whole body Prostate Specific Membrane Antigen Positron Emission Tomography (PSMA PET/CT, A), and axial slices of
PSMA PET/CT (B) shows focal tracer uptake within the midline to right apical peripheral zone, without uptake in any previously
defined prostate lesions, lymph nodes, or bone. MRI of the pelvis/prostate showed indeterminate area in the left ilium (C), without

a correlate found on PSMA PET/CT or NaF PET/CT (not pictured).

OUTCOME AND FOLLOW-UP

Surgical pathology after salvage radical prostatectomy revealed
Gleason 4 + 4=8 disease in a single focal region of the prostate
occupying 5% of the prostate volume in the midline apical-mid
peripheral zone lesion, corresponding to pre-operative MRI find-
ings of new suspicious lesion. The remainder of the gland shows
extensive post-radiation treatment effect, including the initial
right apical-mid anterior transition zone lesion treated with radi-
ation. There were negative margins, no extraprostatic extension,
and no seminal vesicle invasion. There were 18 total lymph pelvic
nodes (including bilateral obturator and bilateral iliac lymph
nodes) removed without any evidence of metastases. The patient
recovered well post-operatively and his post-operative PSA
is undetectable (<0.02ng ml™!) at 19-month follow-up. Acute
toxicity was limited to CTCAE Grade two urinary incontinence
and Grade two urinary frequency. Late toxicity up to 18-month
follow-up was limited to CTCAE Grade 1 to Grade 2 urinary
incontinence and Grade two urinary frequency. No significant
acute or late gastrointestinal toxicity was noted.

DISCUSSION
While previous retrospective studies have shown local failure
after treatment of high-risk prostate cancer patients, our case

appears to be one of the first mentioned in the literature where
the patient had pathologically confirmed lymph-node positive
disease at diagnosis and then recurred locally within the pros-
tate without evidence of distant metastasis. The largest series
described in the literature analyzed anatomic patterns of recur-
rence, and of those with an isolated first-recurrence site (versus
multiple sites of recurrence), high-risk patients demonstrated
12.2% rate of local failure, 3.3% rate of pelvic lymph node failure,
and 9.8% rate of failure in the bone. They suggested that while
it has been accepted that high-risk patients are at a higher risk
for distant metastasis following biochemical recurrence, they
also found a higher absolute risk for isolated local recurrence.
They suggest that these patients could benefit from further
prostate imaging and post-treatment biopsy.2 Existing literature
does not help to delineate what the typical failure pattern is for
high-risk prostate cancer patients. However, it appears that the
more specific and novel imaging studies, PSMA targeting PET/
CT and '®F-NaF PET/CT scans, were able to more accurately
localize the patient’s recurrence to a local site. With the combi-
nation of modern dose-escalated IMRT in conjunction with
such advanced imaging, these areas of gross nodal disease can be
treated effectively with retrospective data showing excellent rates
of biochemical control of 62-83% at 5 years and 63% at 10 years.”
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PSMA is highly expressed in prostate cancer, and its expression
increases with tumor aggressiveness, metastatic disease, and
rapid recurrence. However, it is also expressed in normal healthy
tissue (ie., colonic tissue, renal tissue, salivary glands) and
non-prostatic malignant tissue (i.e., colon carcinoma, renal cell
carcinoma, transitional cell carcinoma),” and this can confound
the results found when performing such a scan.’Nevertheless,
several retrospective series have shown high rates of sensitivity
and specificity as well as high detection rates even with low serum
PSA below 0.5ngml™".” In a retrospective series of 319 patients
with biochemical recurrence after primary therapy, **Ga-PSMA-
ligand PET/CT demonstrated a lesion-based sensitivity, spec-
ificity, negative predictive value (NPV) and positive predictive
value (PPV) of 76.6 %, 100 %, 91.4% and 100%, respectively.’
Another retrospective analysis of biochemical recurrence after
radical prostatectomy found a lesion detection rate of >90% with
PSA levels more than 1ngml ™" and a significantly higher detec-
tion rate in patients with Gleason score >8 versus <7.”” It has
been suggested by some groups that PSMA PET/CT should be
the gold standard for imaging in biochemical recurrent prostate
cancer as well as having utility in staging and assessing treatment
response.’

The patient presented herein represents an anecdotal case of
biochemical recurrence after radiation therapy and ADT, a situ-
ation in which PSMA targeting PET/CT is not described well
in the literature. In this patient, the use of conventional and
novel imaging modalities as well as confirmatory biopsy guided
treatment. There was significant discordance between expected
pattern of failure and conventional imaging findings and with
the help of more sensitive advanced imaging, radiographical
evidence of metastatic disease was excluded. While there may
have been occult disease not detectable based on the described
imaging techniques, our multidisciplinary discussion led to the
aforementioned treatment plan.

8F_NaF PET/CT has more favorable pharmacokinetics, better
image quality, higher uptake in bone, and shorter imaging
time than conventional technetium-99m-MDP bone scan (Tc-
99m) for bone metastases; however, its uptake is non-specific
compared to other PET studies. Its uptake reflects osteoblastic
activity, which is not necessarily specific to malignancy (i.e.,

degenerative disease, old or healing fractures, other benign
conditions). Early studies show that it can allow for detection
of lytic and sclerotic metastases and may also allow for detec-
tion of occult bone metastases, with positive results occurring
at lower serum PSA levels than with Tc-99m.'’ Various early
studies of sensitivity and specificity of NaF PET/CT with rela-
tively high sensitivities of around 81-93% but varying specific-
ities of 54-93%."" The initial results of the National Oncologic
PET Registry found that it allowed for personalized treatment
decisions that revised previous treatment plans in 40% of those
patients."’ For our patient, there were two indeterminate lesions,
both of which were biopsy negative. While we cannot rule out
the possibility of a false-negative biopsy, the absence of uptake on
PSMA-based imaging coupled with a negative biopsy increases
the confidence that this incidental finding is benign. In this case,
NaF PET/CT did change the post-imaging evaluation plan.

In conclusion, investigational imaging studies discussed above
show great promise at discovering occult locations of recurrence
with heightened sensitivity, which can guide personalized deci-
sion making for oncological care. The use of multiple advanced
imaging modalities in complex cases, such as biochemically
recurrent prostate cancer with unclear location of recurrence, can
also serve as tools to provide more data to clinicians completing
staging and making critical decisions regarding next best steps in
management. As these modalities become more prevalent in the
community, there is a growing opportunity for personalization
of treatment approach in complex clinical scenarios.

LEARNING POINTS

1. Advanced imaging techniques such as prostate-specific
membrane antigen targeting PET/CT and '®F-NaF PET/
CT may detect occult disease earlier than conventional
imaging.

2. Advanced imaging techniques have higher sensitivity
compared to conventional imaging, and both generations
of imaging can be used in a multidisciplinary setting to
personalize treatment decisions.

3. Aggressive local therapy can sterilize lymph-node positive
high-risk prostate cancer even in the recurrence setting,
and these cases require complex personalized clinical
decisions.
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