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ABSTRACT

Objective: We retrospectively assessed the indications for superselective intra-arterial infusion of cisplatin
with concomitant radiotherapy (RADPLAT) in patients with hypopharyngeal cancer (HPC).

Methods: Between April 2000 and March 2013, 41 previously untreated patients received superselective
intra-arterial infusion of cisplatin (100-120mg/m” per week) with simultaneous intravenous infusions of
thiosulfate to neutralize cisplatin toxicity and conventional radiotherapy (65-70Gy).

Results: During the median follow-up period of 5.5 years, a statistically significant difference in the
5-year overall survival was noted between patients with NO-1 (n=14) and N2b-3 disease (n=27). One-half
of deaths were observed to be the result of distant metastasis. The 5-year local control and overall
survival were significantly better in patients with unilateral than in those with bilateral primary tumors.
All patients with T4b disease (n=3) died of disease within two years.

Conclusion: Indications for RADPLAT in patients with HPC were defined as patients with unilateral

tumors staged as T3-4a and NO-1.



Introduction

RADPLAT, superselective intra-arterial infusion of cisplatin with concomitant radiotherapy,
was first reported by Robbins et al. [1] and has been shown to be a promising treatment [2,3], achieving a
90% complete response rate in cases of advanced head and neck cancer. With regard to hypopharyngeal
cancer (HPC), Samant et al. reported that the 5-year overall survival and locoregional control rates were
around 23% and 90%, respectively [4]. Nomura et al. also reported that the 3-year overall survival and
local control rates were around 52.2% and 81.6%, respectively [S]. However, a group in the Netherlands
reported a multicenter, randomized phase 3 trial, in which HPC was performed for 19% of patients in the
intra-arterial group and 18% of those in the intravenous group, and concluded that intra-arterial
chemoradiation was not superior to intravenous chemoradiation [6]. However, as several points in
association with this trial remain controversial [5, 7], we decided to retrospectively examine the

indications for RADPLAT, with a particular focus on TN stage, in patients with HPC.

Materials and Methods

Eligibility criteria. From April 2000 through March 2013, 41 previously untreated patients with HPC
were treated at Hokkaido University Hospital (Sapporo, Japan). Details of our RADPLAT protocol have
been published elsewhere [3]. Briefly, all patients were initially evaluated by a multidisciplinary team
consisting of otolaryngologists, radiation oncologists and medical oncologists, and tumors were classified
according to the 7th Edition of the Union for International Cancer Control (UICC) staging system. The
stage of the tumor was determined on the basis of patient history, physical examination, chest x-rays, MRI,
and whole body CT or FDG-PET-CT. All the patients either had disease for which radical surgery was
contraindicated or had rejected radical surgery. Unresectable disease was defined as stage T4b according
to the 7th Edition of UICC staging system for primary sites or disease in which neck lymph node
metastases encased the common or internal carotid artery or invaded the prevertebral fascia. Medical
unsuitability for resection and refusal of surgery were not included in the definition of unresectable
disease. The remaining eligibility criteria for treatment in this study included an absence of evidence of
distant metastases, World Health Organization performance status of 0 to 2, age < 65, adequate

renal/hematologic function, and informed consent.

Chemotherapy. All patients received concurrent intra-arterial cisplatin (100-120mg/m? per week) and
intra-venous sodium thiosulfate infusions (approximately 24g) as described in our previous report [7]. In
order to evaluate the distribution of the arterial supply in the primary tumor and metastatic neck nodes,
we used Digital Subtraction Angiography (DSA). With regard to the latest 32 patients, we used
CT-angiography as well as DSA so as to be able to evaluate the distribution more precisely. After the
feeding vessels that encompassed the targeted tumor had been identified by staining during the DSA

and/or the enhancement of selected vessels during the CT-angiography, cisplatin was infused through a



microcatheter placed in the artery. When several arteries required infusion, the dose of cisplatin for each
artery was determined by the percentage of the tumor enhanced with DSA and/or CT for each
intra-arterial infusion. In patients with nodes greater than 3 cm, a portion of the cisplatin (approximately
20-30mg) was delivered to this region if fed by an artery. Chemotherapy was repeated three to four times

and completed during the first 4-5 weeks.

Radiotherapy. All patients received external-beam radiotherapy to the primary sites and regional
lymphatic area as described in our report [8]. Until May 2006, the irradiation schedule was 66 Gy in 33
fractions over 6.5 weeks. After May 2006, it was changed to 70Gy in 35 fractions over 7 weeks for all
patients with advanced head and neck cancer. Therefore, 23 patients received 66Gy and 18 patients
received 70Gy. This treatment was administered to all patients, except for one patient who received
intensity-modulated radiotherapy (IMRT) as IMRT was not covered by health insurance in Japan for use

on HPC at that time.

Management of the neck. Patients with regional lymph node metastasis of the neck were treated with
66-70 Gy of radiotherapy and chemotherapy. If lymph node metastases remained or recurred, patients

with resectable neck disease were referred for neck dissection.

Management of the primary lesion, evaluation of response and toxicity. Responses were evaluated by
clinical examination, together with CT and/or MRI studies at 6-8 weeks after the completion of therapy.
As it is difficult to differentiate between radiographic changes related to the treatment and scar tissue
from persisting tumors, this uncertainty is reflected in the treatment response. Over time, scar tissue
remains stable, but persistent tumor tissue will progress, so a patient with radiologic changes that
remained stable and with no signs or symptoms of disease was considered to be progression free [3].
Based on this concept, we adopted a 'wait-and-see' policy for the primary lesion, even if we could detect
the presence of residual tumor tissue. A biopsy was performed only when indicated to document
recurrence. All toxicities encountered during therapy were evaluated according to the Common

Terminology Criteria for Adverse Events v4.0 (2010).

Statistical Analysis. The primary endpoint of the study was overall survival and the second endpoints
were local control and toxicity. All patients were closely observed during the follow-up period, the
median length of which was 5.5 years (range 1.2-8.7 years).

Cases of progression and with signs or symptoms of primary disease after the completion of
RADPLAT were considered to be local failures, regardless of whether salvage was successful. Overall
survival, which included death from any cause, and local control probabilities, computed from the

beginning of treatment to the time of local failure, were calculated by the Kaplan—-Meier method and



compared using the log-rank test. The level of statistical significance was set at P<0.05. Statistical

analysis was performed using JMP Pro 11.0.0 statistical software (SAS Institute, Cary, NC, USA).

Results

Patient characteristics. Forty-one patients were enrolled in this study and evaluation was possible in all
cases. Patient details are given in Table 1. All tumors were determined histologically to be squamous cell
carcinoma. T and N classifications are shown in Table 2. Induction chemotherapy was performed for 3
patients. One patient with T4aN2b pyriform sinus cancer received one course of CDDP and 5-FU-based
chemotherapy. The remaining 2 patients received Docetaxel, CDDP and 5-FU-based chemotherapy: one
patient with T4aNO pyriform sinus cancer received one course and the other patient with T4bN3 pyriform

sinus cancer received 2 courses.

Compliance. RADPLAT was feasible (three or four infusions of intra-arterial cisplatin and a full dose of
radiation therapy within 7 days of treatment interruptions) in 38 patients (92.7%). One patient received
two infusions of intra-arterial chemotherapy because of heart disease. Two patients did not complete
radiotherapy: one patient with T4aN3 pyriform sinus cancer stopped radiotherapy after four intra-arterial
infusions and 40Gy of radiotherapy because of a distant metastasis that worsened rapidly, and another
patient with T4bN3 pyriform sinus cancer stopped after four intra-arterial infusions and 54.5Gy of

radiotherapy because of quadriplegia resulting from intra-arterial infusion.

Toxicity. Although the treatment regimen was intensive, acute toxicity was manageable in most patients.
The details are given in Table 3. No patient died as a result of treatment toxicity, although 33 patients
(80.5%) experienced grade III-IV toxicity. One patient experienced a neurologic sequela (quadriplegia)
[3], although he subsequently recovered use of his upper, but not his lower extremities. One patient with
T4aNO pyriform sinus cancer that extended inferiorly toward the esophagus needed feeding-tube support
after therapy due to pharyngeal stenosis, but none of the other surviving patients required feeding-tube
support after therapy. No osteonecrosis, chondronecrosis or mucosal ulceration was observed as late

adverse reactions.

Overall survival and local control rates. The 5-year overall survival was 51.3 %, and the 5-year local
control was 81.6 % for all patients (Figure 1). The 5-year overall survival was 83.9 % for patients with
NO-1 disease (n=14), which was significantly (p=0.0029) better than that for patients with N2b-3 disease
(35.4 %, n=27) (Figure 2). The 5-year local control was 90.5 % for patients with T2-3 disease (n=22) and
80.0 % for those with T4a disease (n=16), and no statistically significant difference was observed
between the groups (p=0.36) (Figure 3A). We defined a "unilateral primary tumor" as not extending

beyond the midline of the posterior wall, whereas a "bilateral primary tumor" extended beyond the



midline of posterior wall. The 5-year local control was 95.7% for patients with a unilateral primary tumor,
which was significantly (p=0.0048) better than that for patients with a bilateral tumor (60.4 %) (Figure
3B). With regard to overall survival, the 5-year overall survival was 48.9% for patients with T2-3 disease
and 62.5% for those with T4a disease (Figure 4A). The 5-year overall survival was 74.5% for patients
with a unilateral primary tumor, which was significantly better than that for those with a bilateral tumor

(22.2 %) (p<0.0001, Figure 4B).

Primary disease response. Of the 41 patients enrolled in the treatment program, a complete response at
the primary site was obtained in 34 (82.9 %) and a partial response in 7 (17.1%) patients. The primary
disease was well controlled by RADPLAT in 34 patients (82.9%). The remaining 7 patients (17.1 %)
showed progression and with signs or symptoms of primary disease after the completion of RADPLAT.
Of these, two patients did not complete radiotherapy for the reasons mentioned above. The subsite for

each of the other 3 patients was the posterior wall.

Neck disease response. Eight patients negative for neck disease were well controlled (Figure 5). Among
the 33 patients with positive necks, a complete response was obtained in 17 (51.5%) and a partial
response in 16 (48.5%) patients. Twenty-three patients were well controlled without surgery until the final
follow-up. Seven of nine patients with uncontrolled neck disease underwent neck dissection for persistent
and recurrent neck disease after treatment. The remaining two patients were not indicated for salvage
neck dissection as their neck diseases were accompanied by unresectable primary disease. In spite of no
neck recurrence, one patient with N1 disease received simultaneous neck dissection during reconstruction

surgery for recurrent primary disease.

Pattern of relapse. The site of first failure was identified wherever possible. Failure first occurred at the
primary site in 7 patients. Salvage surgery was indicated for only one patient with T4aN1 pyriform sinus
cancer, who underwent surgery involving total laryngectomy and pharyngectomy, but developed distant
metastasis within the first year post-surgery. The remaining 6 patients were not indicated for radical
surgery, and died of primary disease. Failure first occurred at the neck in 7 patients. As a result, 5 of the 7
patients were treated successfully by salvage neck dissection, and 2 of these 5 patients developed distant
metastasis after surgery. The remaining 2 patients had recurrent neck disease after surgery, of which they
later died. Distant metastasis was found in 7 patients without primary or neck recurrence. In total, 10 of
20 deaths were associated with distant metastasis, and all had an N stage of N2b-3, except for one patient

with N1. Two patients died of causes other than disease.

Tracheostomy. Five patients underwent tracheostomy prior to RADPLAT due to airway compromise,

and one patient required a delayed tracheostomy due to radiation injury presenting as persistent stridor



and laryngeal edema. Four of these patients were successfully decannulated shortly after the completion
of treatment. Two patients could not be decannulated because of persistent or recurrent primary or distant

disease.

Discussion

First, there are several points of controversy with regard to the randomized trial conducted by
the group in the Netherlands [6] that must be discussed. As mentioned elsewhere, their report made no
mention of the angiographic technique used or the adequacy of cisplatin infusion into the tumor-feeding
artery [7]. Further, HPC patients comprised only a small subgroup of the total study population, and this
trial targeted unresectable patients, which meant that it could not assess organ preservation [5]. In
addition, 62-64% of patients had oropharyngeal cancer (OPC), and it has been reported that
approximately 60% or more of OPCs are HPV related [9]. This means that these subgroups were very
sensitive to chemotherapy, regardless of whether it was intra-arterial or intravenous. Finally, since
RADPLAT is a time-consuming and complicated treatment, it may be difficult to apply RADPLAT in all
cases of head and neck cancer. For these reasons, we decided to investigate the indications for RADPLAT
with a focus on cases of HPC, and sought the appropriate indications only after consideration of the
characteristics of HPC, such as arterial blood supply and rich lymphatics, that result in a high incidence of
lymph node metastases.

To seek the appropriate indications for HPC, we first considered T stage. As mentioned
previously, conventional treatments, such as extensive surgery, have a negative impact on the patient’s
quality of life. Radiotherapy alone may be effective for the treatment of cases at an early T stage [10], but
not those at an advanced T stage [11]. Urba et al. reported on the efficacy of combination therapy,
consisting of systemic chemotherapy followed by radiotherapy, but excluded T4 tumors [12]. T4a stage,
which is usually associated with significant cartilage destruction prior to treatment, is usually indicated
for radical surgery, such as laryngectomy, as the cartilage destruction limits the likelihood of an adequate
response and functional recovery after treatment with larynx-preserving approaches, and increases the
probability of radiation-induced necrosis [13, 14]. In our study, results showed an absence of any
radiation-induced necrosis of the laryngeal cartilage. Further, we did not detect any significant difference
between T1-3 and T4a stage in terms of local control and overall survival (Figure 3A, 4A). In addition,
significantly better local control and overall survival were observed for unilateral than for bilateral tumors
(Figure 3B, 4B). Similarly, it has been reported that unilateral infusion was superior to bilateral infusion
in an unplanned subgroup analysis [5, 15]. This indicates that the laterality of the tumor has an impact on
local control and overall survival. Considering these results, we speculated that arterial supply to the
hypopharynx is complicated [16], particularly as the posterior wall of the hypopharynx is supplied by the
ascending pharyngeal artery, inferior thyroid artery, and lingual artery as well as the superior thyroid

artery. Hence, the intra-arterial infusion of cisplatin may not cover the entire primary tumor. As a



consequence, we consider the indication for RADPLAT in terms of T stage to be unilateral T3 or 4a. It
goes without saying that the T4b tumors were difficult to control, and all patients with T4b disease died of
disease within two years (Figure 3A). On the other hand, tumors at an early T stage may be controlled by
radiotherapy alone, systemic concurrent chemoradiotherapy or partial pharyngectomy.

Next, we considered the N stage. Where possible, the risk of occult lymph node metastases or
residual disease following treatment should be controlled by neck dissection. Meanwhile, patients with
advanced N stage are at high-risk for distant metastases [17-19], and this had an impact on our results. We
observed a significant difference in overall survival between patients with NO-1 stage and those with
N2b-3 stage (Figure 2). Further, one-half of all deaths were related to distant metastasis, with the N stage
of the patients who died being N2b-3, except for one patient with N1. Similarly, distant metastasis has
been reported to be involved in 40% [4] and 39% [5] of failed cases. These results suggest that the
indication for RADPLAT in terms of N stage is below N2. RADPLAT, as well as concurrent
chemoradiotherapy, may be less effective in preventing the development of distant metastases in
comparison with induction chemotherapy [20]. In other words, stage N2 or higher is a good indication for
sequential therapy; i.e., induction chemotherapy followed by concurrent chemoradiotherapy. A three-drug
combination in which taxane is added to a cisplatin plus 5-fluorouracil regimen significantly improved
the response rate as well as overall survival compared with cisplatin plus 5-fluorouracil alone [21]. We
speculate that, after 2-3 courses of induction chemotherapy, most of the primary tumors should have been
resolved and can, thereafter, be controlled by systemic concurrent chemoradiotherapy.

Concurrent chemoradiotherapy is associated with a higher rate of treatment-related and
unexplained deaths [11]; however, we encountered no treatment-related or unexplained deaths in our
study. Intra-arterial chemotherapy, however, does involve a risk of catheter-related problems. We
experienced one case of hypoglossal nerve paralysis with full recovery and another case of quadriplegia.
The later patient subsequently recovered use of the upper, but not of the lower extremities. We speculated
that the thyrocervical trunk, from which the cisplatin was infused, communicates with the anterior spinal
artery. Apart from these events, all other toxicities, episodes of mucositis and dermatitis, decreases in
white blood cell count and other complications were regarded as manageable and were well controlled,
though approximately 80% of patients experienced grade III-IV toxicity. Therefore, we obtained good
compliance with this treatment regimen. The RADPLAT protocol exposes the tumor and surrounding
normal tissues to an extraordinarily high concentration of cisplatin, and this increased concentration of
cisplatin within the local tissues of the head and neck might result in some swallowing dysfunction.
Furthermore, at higher T stages, patients are more likely to have swallowing difficulty [22]. Although our
study included 14 patients with T3 and 16 patients with T4a primary tumors, all of the no tumor-bearing
patients were able to achieve oral intake without feeding-tube support either before or after treatment,
except for one patient with T4a pyriform sinus cancer. Regarding this one case, the primary tumor,

derived from the pyriform sinus, extended inferiorly toward the esophagus, leading to a swallowing



disorder before treatment. We speculated that this symptom would worsen after treatment, but the patient
preferred to preserve the larynx. Eventually, feeding-tube support was needed, but the larynx and
speaking ability were preserved and the patient is satisfied with the current situation. Of the 41 patients, 6
received tracheostomy, with 4 of the 6 successfully decannulated shortly after the completion of
RADPLAT unlike a previous study in which all patients underwent tracheostomy before the treatment [5].

We speculate that tracheostomy is, therefore, not indispensable for RADPLAT.

Conclusions

Indications for RADPLAT in patients with HPC were defined as a T stage of T3-4a in unilateral
cases (not extending beyond the midline of the posterior wall) and an N stage of NO-1. Our retrospective
study revealed that the toxicities were manageable and no treatment-related or unexplained deaths were
encountered. We concluded that RADPLAT for HPC is effective if these indications are taken into
consideration. Therefore, more detailed randomized trials comparing the results for RADPLAT with those

for systemic chemoradiotherapy are expected in the future.
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Legend

Figure 1. Overall survival and Local control (n=41)

Figure 2. Overall survival according to N classification

Figure 3A. Local control according to T classification

Figure 3B. Local control (Unilateral versus Bilateral)

Figure 4A. Overall survival according to T classification

Figure 4B. Overall survival (Unilateral versus Bilateral)

Figure 5. Response to RADPLAT: Neck disease

*One patient without neck recurrence received simultaneous neck dissection during reconstruction
surgery for recurrent primary disease.

**Two patients were not indicated for salvage neck dissection as their neck diseases were accompanied

by unresectable primary disease.
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Table 1 Clinical characteristics (n=41)

Sex
Male 36
Female 5

Age (years)

Range 45-74

Median 59

Mean 58.6
Operability

Unresectable 11

Resectable 30

Tumor subsite
pyriform sinus 35
posterior wall 5

postcricoid 1




Table 2 T and N stage (n=41)

No. of patients by N classification

T classification 0 1 2a 2b 2¢C Total
2 3 2 3 8

3 1 2 8 2 14
4a 4 2 7 2 16
4b 1 3
Total 8 6 0 18 5 41




Table 3 Acute Toxicity (n=41)

No. of patients by toxicity grade

Toxicity I II I 10Y
Anemia 17 16 6
Leukoplakia 3 19 14
Thrombocytopenia 12 6 1
Fever 16 2

Weight loss 17

Dermatitis 5 25 10
Nause/Vomiting 19 7 7
Mucositis 2 21 16

Liver dysfunction 17 2 1

Renal 2 1

Hyperglycemia 6 3 2 1
Hyperkalemia 1
Thromboembolic event 2
Hypoglossal nerve disorder 1

Nervous system disorders 1




Fig. 1 Overall survival and Local control (n=41)
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Fig. 2 Overall survival according to N classification
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Fig. 3A Local control according to T classification Fig. 3B Local control (Unilateral versus Bilateral)
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Fig. 4A Overall survival according to T classification Fig. 4B Overall survival (Unilateral versus Bilateral)
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Fig. 5 Response to RADPLAT: Neck disease
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