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Abstract

BACKGROUND

Prostate cancer (PC) is currently the most common malignant tumor of the
genitourinary system in men. Radical prostatectomy (RP) is recommended for the
treatment of patients with localized PC. Adjuvant hormonal therapy (AHT) can be
administered postoperatively in patients with high-risk or locally advanced PC.
Chemotherapy is a vital remedy for castration-resistant prostate cancer (CRPC),
and may also benefit patients with PC who have not progressed to CRPC.

CASE SUMMARY

A 68-year-old male was admitted to our hospital because of urinary irritation and
dysuria with increased prostate-specific antigen (PSA) levels. After detailed
examination, he was diagnosed with PC and treated with laparoscopic RP on
August 3, 2020. AHT using androgen deprivation therapy (ADT) was performed
postoperatively because of the positive surgical margin, extracapsular extension,
and neural invasion but lasted only 6 mo. Unfortunately, he was diagnosed with
rectal cancer about half a year after self-cessation of AHT, and was then treated
with laparoscopic radical rectal resection and adjuvant chemotherapy using the
capecitabine plus oxaliplatin (CapeOx) regimen. During the entire treatment
process, the patient's PSA level first declined significantly after treatment of PC
with laparoscopic RP and ADT, then rebounded because of self-cessation of ADT,
and finally decreased again after CapeOx chemotherapy.

CONCLUSION
CapeOx chemotherapy can reduce PSA levels in patients with high-risk locally
advanced PC, indicating that CapeOx may be an alternative chemotherapy
regimen for PC.
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Core Tip: Chemotherapy is mainly used for castration-resistant prostate cancer (PC) (CRPC) and may also
benefit patients with PC who have not progressed to CRPC. We describe a patient with high-risk locally
advanced PC treated with laparoscopic radical prostatectomy plus short-term adjuvant hormonal therapy
and rectal cancer treated with laparoscopic radical rectal resection plus adjuvant chemotherapy, and found
that prostate-specific antigen declined after the capecitabine plus oxaliplatin chemotherapy.
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INTRODUCTION

Prostate cancer (PC) is the second most commonly diagnosed cancer in men, with 1414259 newly
diagnosed cases worldwide in 2020[1]. The treatment of patients with PC differs according to the
difference in the overall Gleason score and disease risk, and the main treatment methods include radical
surgery (with or without dissection of enlarged lymph nodes), radical radiotherapy, hormone therapy,
chemotherapy, and immunotherapy. Chemotherapy for PC is often used in combination with androgen
deprivation therapy (ADT) for metastatic castration-resistant prostate cancer (CRPC). Taxanes such as
docetaxel plus standard ADT prolong the median overall survival compared to ADT alone[2]. There is
no clear conclusion regarding the advantages of chemotherapy after radical surgery for non-androgen-
resistant PC, and clinical trials are underway/[3].

Capecitabine plus oxaliplatin (CapeOx) is a commonly used chemotherapy regimen for stage III rectal
cancer[4]. However, few studies have examined the effect of CapeOx on the recurrence rate in patients
after radical prostatectomy (RP). We observed a patient with locally advanced PC treated with laparo-
scopic RP plus short-term ADT and metastatic rectal cancer treated with laparoscopic radical rectal
resection (RRR) plus adjuvant chemotherapy using the CapeOx regimen, and found that the prostate-
specific antigen (PSA) level declined after CapeOx chemotherapy in the absence of ADT. This report
provides a new approach for the selection of chemotherapy regimens for patients with high-risk locally
advanced PC after radical resection.

CASE PRESENTATION

Chief complaints
A 68-year-old male presented with urinary irritation and dysuria for one year and increased PSA levels
for one month.

History of present illness

The patient was admitted to our hospital in July 2020 with urinary irritation and dysuria for 1 year, and
his total serum PSA level was found to increase to 44.499 ng/mL in a health examination 1 mo prior to
admission. The patient had no symptoms of urinary retention, hematuria, abdominal distension, or
fever.

History of past illness

The patient had a history of hypertension for 10 years. He was treated with amlodipine besylate and
irbesartan hydrochlorothiazide tablets, and his blood pressure was well controlled. Apart from
hypertension, the patient had no other significant diseases.

Personal and family history
The patient had no noticeable personal history and no similar family history.
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Physical examination

Digital rectal examination (DRE) findings after admission were as follows: The prostate was II degree
large, tough, with a shallow central sulcus, and no tenderness; induration was found in the left lobe of
the prostate, with no obvious tenderness; the anal sphincter was not loose; there was no blood on the
glove, and there were no palpable enlarged lymph nodes in the bilateral inguinal area.

Laboratory examinations

Routine blood and urine tests, blood biochemistry, and coagulation function parameters were all
normal, and detection of hepatitis B, hepatitis C, human immunodeficiency virus, and syphilis were all
negative. However, the total serum PSA level further increased to 49.689 ng/mL after admission.

Imaging examinations

Ultrasound of the urinary system showed prostate hyperplasia with calcification (full shape of the
prostate, approximately 50 mm in left-right diameter, 39 mm in upper-lower diameter, 40 mm in front-
back diameter, thickened and uneven echo, imbalance in the ratio of internal and external glands, and
multiple strong spots in the prostate). Nuclear magnetic resonance imaging revealed abnormal signals
in the left and posterior parts of the peripheral zone of the prostate, suggesting the presence of PC.
Therefore, ultrasound-guided needle biopsy was performed. Pathological examination of the left
prostate puncture revealed an acinar adenocarcinoma with a Gleason score of 4 + 3 = 7, and
examination of the right prostate puncture showed an acinar adenocarcinoma with a Gleason score of 3
+ 4 = 7. Positron emission tomography-computed tomography revealed prostatic hyperplasia with
calcification and nodular heterogeneous uptake of fluorodeoxyglucose in the peripheral zone.

FINAL DIAGNOSIS

According to the patient’s history, DRE findings, relevant imaging examinations, and needle biopsy
results, a preoperative diagnosis of PC was confirmed. Postoperative pathology further determined the
tumor-node-metastasis stage of PC.

TREATMENT

The patient underwent laparoscopic RP on August 3, 2020. Postoperative pathological examination
revealed prostatic acinar adenocarcinoma with a Gleason score of 4 + 3 = 7 and International Society of
Urological Pathology grade of 3. The tumor-invasive areas included the bottom, body, and apex of the
prostate. Involvement of the extracapsular extension and fibrous integument was also observed. The left
and right seminal vesicles did not invade, and intravascular tumor embolus was not detected; however,
neural invasion was observed. The left and right vas deferens were not affected, in contrast to the distal
and proximal urethral margins. The patient was diagnosed with T,,N,M, with a positive margin (R,) due
to extracapsular extension and neural invasion. Therefore, adjuvant hormonal therapy (AHT) was
requisite, and oral bicalutamide 50 mg per day plus subcutaneous leuprorelin 3.75 mg per 28 d
(maximal androgen blockade) were used for ADT after surgery.

OUTCOME AND FOLLOW-UP

The patient was regularly treated until January 2021 for a total of 6 mo, and ADT was discontinued for
personal reasons. In June 2021, the patient underwent an annual health examination, which
unexpectedly revealed a rectal mass. Unfortunately, the patient was later diagnosed with rectal cancer
via colonoscopic biopsy. Therefore, the patient was readmitted to the hospital for rectal cancer
treatment, and laparoscopic RRR was performed in July 2021. Postoperative pathology revealed a
protruding moderately differentiated adenocarcinoma (about 1.6 cm x 1.1 cm x 0.5 cm in size) with full-
thickness invasion, accompanied by intravascular tumor embolus formation, and metastasis in 5 of the 7
resected mesenteric lymph nodes. The rectal cancer stage was pT,N, M,, stage IIIB. Therefore, the
CapeOx regimen was used for chemotherapy after the operation in August 2021, and the cycle lasted for
half a year. At follow-up, we found that the patient’s PSA and testosterone levels both declined
significantly after treatment of PC with laparoscopic RP and ADT in August 2020, but rebounded after
the self-cessation of ADT in January 2021, while the alkaline phosphatase level remained stable
(Figure 1). Surprisingly, the PSA level decreased again after CapeOx chemotherapy, eventually falling
to zero (Figure 1B). However, a slight increase in PSA was observed in March 2022, the second month
following the completion of chemotherapy (Figure 1B).
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Figure 1 Trends of indicators related to prostate cancer. A: Trends of prostate-specific antigen (PSA), testosterone, and alkaline phosphatase levels
during the entire treatment process; B: Variations of PSA level after cessation of androgen deprivation therapy and capecitabine plus oxaliplatin chemotherapy for
rectal cancer. PSA: Prostate-specific antigen; T: Testosterone; ALP: Alkaline phosphatase; RP: Radical prostatectomy; ADT: Androgen deprivation therapy; RRR:
Radical rectal resection; CapeOx: Capecitabine plus oxaliplatin.
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DISCUSSION

According to the EAU-EANM-ESTRO-ESUR-SIOG guidelines on PC, this patient was grouped into the
high-risk group before surgery, and there is no unified standard regimen for the treatment of high-risk
PC[5]. Either radical surgery or radiotherapy can be chosen, and RP is generally recommended for
patients whose tumors do not invade the urethral sphincter or anchor the pelvic wall[5].

Postoperatively, the patient had a positive surgical margin (R;), extracapsular extension, and neural
invasion (T,,N,M,). Therefore, the patient’s diagnosis should be defined as high-risk locally advanced
PC, and postoperative pelvic radiotherapy could be selected in this case. Three major randomized
controlled trials have addressed the issue of postoperative adjuvant radiotherapy in such patients[6-8].
The current conclusion is that for pT,pN, patients with postoperative PSA level < 0.1 ng/mL, there is a
high risk of local recurrence due to a positive surgical margin (the most important factor), extracapsular
extension, and/or invasion of the seminal vesicles. At present, there are two options available to
patients: (1) Adjuvant radiotherapy to the surgical area immediately after the recovery of urination
function; and (2) during close clinical follow-up, starting salvage radiotherapy when PSA exceeds 0.1
ng/mL. However, urinary and gastrointestinal side effects are common during and after radiotherapy,
as reported in the EORTC 22991 trial, with approximately 50% of the patients suffering from acute
urogenital toxicity of grade 1, 20% of grade 2, and 2% of grade 3; meanwhile, approximately 30% of the
patients reported acute gastrointestinal toxicity of grade 1, 10% of grade 2, and less than 1% of grade 3.
Common toxic reactions include dysuria, frequent urination, urinary retention, hematuria, diarrhea,
rectal bleeding, and proctitis[9]. After communicating with the patient, the second option was finally
chosen, and adjuvant radiotherapy was not performed for the time being.

AHT after radical resection of high-risk or locally advanced PC can provide good survival benefits.
For patients with a high recurrence risk, a long course of endocrine therapy (2-3 years) can be
administered after surgery[10]. The patient was administered ADT postoperatively, after which his PSA
and testosterone levels declined rapidly, eventually decreasing to zero for PSA and to less than 50 ng/
dL for testosterone. However, after only 6 mo of normative AHT, the patient stopped treatment
spontaneously, and both PSA and testosterone levels began to rebound. Subsequently, the patient was
diagnosed with rectal cancer approximately half a year after self-cessation of AHT. Because of his
condition, adjuvant chemotherapy using the CapeOx regimen was performed after laparoscopic RRR,
showing that CapeOx chemotherapy could visibly reduce the PSA level. In other words, CapeOx
chemotherapy may effectively control PC progression.

Chemotherapy is primarily used for CRPC. Androgen-targeted therapy prolongs survival in patients
with metastatic CRPC; however, most men still face progressive disease and require additional
treatment. Taxanes have been shown to improve survival in metastatic CRPC and are first-line
chemotherapy drugs for the treatment of PC. Docetaxel is a taxane that can improve the response rates
in patients with metastatic CRPC in terms of pain, serum PSA level, quality of life, and overall survival
[11]. However, despite a good initial response and survival benefit, almost all patients eventually
develop resistance, which is an important barrier to long-term survival[12]. In addition, available
studies have shown that platinum-based chemotherapy drugs can benefit patients with CRPC. Dorff et
al[13] performed re-chemotherapy with oxaliplatin and pemetrexed in men with CRPC that had
progressed after one or two cycles of chemotherapy, including taxane, and showed that 47 men received
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a median of six cycles of treatment with an overall response rate of 30%, 64% of them had a decrease in
PSA, and 74% of them had clinical disease control. Moreover, Lee et al[14] treated 33 CRPC patients who
had failed docetaxel with intravenous gemcitabine and oxaliplatin combined with oral prednisolone,
and showed a PSA response rate of 55%. These two clinical trials suggest that oxaliplatin as the core
chemotherapy regimen can be used in patients with CRPC after the failure of taxane-based
chemotherapy. In another study, eight of 14 androgen-independent PC patients (57%) treated with
CapeOx after first-line docetaxel had a PSA response defined as a 50% reduction from baseline PSA
levels. Our findings are consistent with those of this research. Hence, CapeOx chemotherapy may fill the
gap in the treatment of CRPC after taxane treatment and become the second- and third-line
chemotherapy for patients with CRPC[15].

It is generally believed that platinum drugs are first transported to tumor cells through copper
transporter 1. After entering tumor cells, platinum complexes usually undergo the activated step of
chloride ligand replacement through water molecules or other small molecules containing sulfhydryl
groups. Compared with the extracellular matrix, intracellular chloride concentrations decrease
significantly, which promotes the transformation of cation hydrate, and platinum-based chemothera-
peutic drugs bind to DNA through the formation of intracellular and interstrand cross-links, changing
the DNA structure and causing DNA damage. DNA damage can arrest the cell cycle and induce
apoptosis in rapidly proliferating tumor cells[16]. In a mouse model of PC xenograft, compared with
mice treated with anti-programmed cell death protein 1 (PD-1) antibody monotherapy alone, mice
treated with oxaliplatin combined with anti-PD-1 antibody achieved the best survival rate[17]. In
addition, two immunogenic markers, HMGB, and calreticulin, expressed in oxaliplatin-treated PC cell
lines PTEN-CaP; and PNEC,, were significantly upregulated after 24 h of oxaliplatin treatment[17].
These results indicate that oxaliplatin could activate the immunophenotype of PC cells. Prostate
fibroblasts promote the progression of PC by secreting factors that facilitate tumor growth and induce
migration and invasion of PC cells. Angiogenin (ANG) can significantly stimulate the invasion of type I
collagen in fibroblasts associated with PC[18]. ANG, a member of the secretory ribonuclease
superfamily, is upregulated in PC and mediates ribosomal RNA (rRNA) transcription in androgen-
stimulated PC cells. Upon androgen stimulation, ANG undergoes nuclear translocation in androgen-
dependent PC cells where it binds to the ribosomal DNA promoter and stimulates rRNA transcription.
ANG antagonists inhibit androgen-induced rRNA transcription and proliferation in androgen-
dependent PC cells[19]. Surprisingly, using a comprehensive multi-technology approach of crystallo-
graphy, spectroscopy, and spectral analysis, Marzo et al[20] demonstrated that oxaliplatin could
effectively bind ANG to inhibit the proliferation and migration of the PC cell line PC-3. This finding
provides another research direction for the treatment of PC with oxaliplatin.

CONCLUSION

Chemotherapy for PC is mainly used for CRPC, while there are few clinical studies on the use of
chemotherapy in patients with common PC after RP. The anticancer mechanism of oxaliplatin mainly
causes DNA damage, thereby stopping the cell division cycle. In PC, oxaliplatin has a unique role in
immunology and angiogenesis, which may also provide new directions for future studies on the
anticancer mechanism of oxaliplatin.
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