
Abstract. Background: The clinical outcome of refractory
head and neck (H&N) cancer patients remains poor despite
novel treatment strategies. In this pilot study the efficacy of
intratumoral injection of 32-P chromic phosphate in 14
patients with refractory H&N carcinomas was investigated in
terms of response rates and overall survival. Patients and
Methods: Fourteen patients (median age: 59 years) with either
cytostatic drug-resistant tumours or tumours known to be
primarily chemotherapy-resistant were entered into the study.
After sonographic determination of the tumour volume, 32-P
chromic phosphate (74-444 MBq) was injected into the central
part of the tumour under sonographic guidance. Follow-up
investigations included serial scintigraphy, sonographic
examinations and hematological studies. Results: Injection of
32-P chromic phosphate into refractory H&N tumours resulted
in remarkable regression. The median survival of all patients
was 7.8 months (range: 4-16). Eight patients exhibited a partial
response, while 6 patients did not respond to the treatment. In
3 patients thrombocytopenia (grade I/II) was observed, but no
other significant side-effects were apparent. Significant
pathological and anatomical changes within the tumour tissue
were demonstrated. In all cases examined, formation of a cyst
within the area of central activity, surrounded by a centrifugal
necrotic ring and a marginal fibrotic structure, was found.
Conclusion: A lack of persistent systematic or local side-effects,
as well as noteworthy efficacy, are properties of this novel
regional treatment modality with 32-P chromic phosphate. This
modality deserves consideration for further clinical trials.
Despite new developments in clinical oncology by the

establishment of novel potent cytostatic drugs, innovative
tyrosine kinase inhibitors, antiemetics and hematopoietic
growth factors, there are still significant problems in the
majority of solid tumours. In particular, patients with head
and neck (H&N) tumours need alternative treatment
modalities. Local relapses of H&N tumours are not often
eligible for surgical and/or radiotherapy re-treatment, and the
efficacy of systemic chemotherapy is poor. A greater
accumulation and efficacy of anticancer drugs with lower
systemic toxicity might therefore be obtained with
intratumoral injection of radioisotopes. However,
radioisotope potentials have not been fully elucidated so far,
although colloidal radiopharmaceuticals have been shown to
be active compounds for the treatment of solid tumours and
bulky solitary metastases, as well as for the palliation of
malignant effusions (1, 2). Among several colloidal
radiopharmaceuticals, 32-P chromic phosphate has enormous
importance due to its physical properties (Table I). In an
earlier study, kinetic investigations of several colloidal
radiopharmaceuticals have been performed in patients with
thoracic wall recurrence associated with breast carcinoma to
address the behaviour of these compounds in terms of
retention and diffusibility through the involved and infiltrated
areas. Administration of 32-P chromic phosphate showed
virtually no diffusion from the infiltrated areas to non-
infiltrated regions. The total activity 1-24 hours after
application revealed no significant decrease. Determination
of biological half-life by quantitative and scintigraphic
investigation of "bremsstrahlung" indicated a remarkable
correlation between physical half-life and conditions of
infiltration therapy (3). Based on these findings, 32-P
infiltration therapy was administered to 20 patients with
refractory thoracic wall recurrence of breast cancer (185
MBq) and resulted in complete remission in 33%, partial
remission in 53%, and stabilization within 6 months in 70%
of patients treated, with an overall response rate of 86%. No
remarkable systemic side effects were observed (4). 

Despite the advances made in the treatment of patients
with H&N tumours confined to the primary region, many of
these patients still relapse and are not candidates for salvage
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therapy or radiation treatment. Furthermore, many of these
patients died as a result of complications of their cancer (5).
Additionally, some patients present with refractory
metastatic disease, were therefore not eligible for
multimodality potentially curative treatment. Since poor
performance status, prior treatment, and advanced stage of
disease are all associated with a marked reduction in the
response rate to chemotherapy, we investigated the efficacy
of intratumoral injection of 32-P chromic phosphate in 14
patients with refractory H&N carcinomas in terms of
response rates and overall survival, as well as safety.

Patients and Methods

The 32-P colloid as a chromic suspension (Phosphocol®) was
supplied by Mallinckrodt Nuclear (St. Louis, MO, USA). Ninety
percent of these particles were in the range of 0.6 to 1.3 Ìm.

Between October 2000 and July 2002, 14 patients were entered
into our pilot study of 32-P chromic phosphate injection therapy.
The median age of the group was 50 years (range: 42-75). Informed
consent was obtained from all patients. Patients with secondary
resistant H&N tumours following standard radio- and/or
chemotherapy treatment and patients with bulky tumours known to
be primarily chemotherapy-resistant were eligible for this study.
After determination of tumour volume by sonography and
computed tomography, 32-P chromic phosphate was injected into
the central part of the tumour under sonographic guidance and
local anaesthesia with different volumes depending on tissue
pressure and tumour volume (between 5 and 15 ml). Tumour
volume (V) was calculated according to the formula V = ó ab2 (a,b:
diameters). The following doses were injected: up to 20 ml tumour
volume: 74 MBq; 20-40 ml: 148 MBq; 41-50 ml: 185 MBq; 51-100
ml: 296 MBq and >100 ml: 444 MBq. In cases with tumour volumes
of more than 100 ml, the total activity was administered in 2-4
sessions with intervals of 6 weeks in between sessions. The total
injected doses, which depended on tumour size, were in the range of
74-444 MBq. During this study no patient received external beam
radiotherapy to the lesion following 32-P injections. In addition, no
systemic chemotherapy was concurrently administered.

Follow-up investigations (every six weeks) by serial scintigraphy
of bremsstrahlung, sonographic examinations, and hematological
investigations began immediately after treatment and lasted up to
3-16 months (until death). For patients with remarkable tumour
regression, histological examination of a biopsy specimen from
surgically removed injected tumours was performed. The
measurements of tumour size served as confirmation for
assignment of clinical response (RECRIST criteria).

In all patients treated, blood samples were analyzed for 32-P
contamination immediately after drug injection and then twice
weekly using a Beckmann liquid scintillation counter (Beckmann,
Munich, Germany).

Results

Patient characteristics and toxicity. The characteristics of the
patients are listed in Table II, including previous treatment,
the number of fractions and injected activity depending on
tumour volume. Among the 14 patients, in only three cases
mild thrombocytopenia (grade I/II) was found, 10 days after
the last 32-P injection. In two other patients with superficial
lymph node metastases, transient erythema followed by a
moderate burning sensation occurred at the time of
injection without late effects. No other side effects or
toxicities were observed.

Kinetic investigations. Kinetic investigation by determination
of biological half-life (t1/2) in all the patients revealed a
duration similar to that of the physical t1/2 of 32-P.
Additional scintigraphy of the region of interest showed
objective confirmation of persistent activity in accordance
with the biological t1/2. In all blood samples tested, only
traces of 32-P activity were found (<0.3 nMBq/ml),
indicating that no significant capillary leakage or tissue
diffusion had occurred.

Sonographical, radiological, and pathological findings.
Remarkable tumour regression (partial response according
to the RECRIST criteria) approximately four weeks after
32-P chromic phosphate injection in eight patients was
found. The development of a solitary central cystic
formation with liquid content appeared in the tumours with
volumes above 50 ml. After a remarkably stable phase of
disease without any evidence of further metastatic
dissemination, three patients with injected solitary lymph
node metastases underwent surgical excision. Histological
examination revealed a solitary cyst with liquid content in
the central part followed by a middle layer of necrosis
measuring 6-8 mm. This layer was surrounded by a thin
fibrotic structure. A marginal zone with only about 30%
morphologically vital tumour cells was revealed (data not
shown).

Survival rates. Notable tumour regression was found in 8/14
patients. Six patients, however, did not respond to this
treatment schedule. The median survival of all patients was
7.8 months (range: 4-16 months) (Figure 1). For those
patients with a partial remission, median survival was shown
to be 10 months (range: 7-16 months), whereas the median
survival time for patients who did not respond to treatment
was only 4.6 months (range: 4-5 months).
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Table I. Properties of some radiocolloids.

Colloid T1/2 Energy Range Particle size 
(days) (MeV) (mm) (nm)

32-P chromic phosphate 14.3 1.71 8.0 600-1300
198-Au colloid 2.7 0.96 3.8 20-70
90-Y silicate 2.7 2.28 11.0 100

T1/2: biological half-life.



Discussion

The prognosis for recurrent or resistant H&N tumours is
discouraging. Local tumour progression leads to morbidity
and even death in the majority of patients. Therefore,
improved local and local-regional therapeutic approaches are
needed. Approximately 30% to 40% of patients with recurrent
H&N carcinomas respond to combination therapy, however,
the duration of response is short and median survival is less
than six months (6). Furthermore, local expansion of disease
during or after chemotherapy leads to devastating functional,
economic, cosmetic, and psychological effects for the patient.
Because recurrence frequently occurs within a prior radiation
field, further radiotherapy is not an option. Seconded-line
chemotherapy, even with novel agents, has been tested, but
response rates remained poor, and the duration of response
was less than a few months (7). Therefore, novel approaches
to the local control of chemotherapy resistant/refractory H&N
tumours are clearly needed.

Using the newly developed intratumoral injection technique
with 32-P chromic phosphate, high response rates were
achieved in resistant or refractory H&N tumour patients. The
data presented here (eight objective responses among 14
patients) are in line with the results of our earlier phase II
study (1) in which a response rate of 71% (12/17 patients)
following intratumoral 32-P chromic phosphate injection was
shown in patients with refractory solid tumours or solitary
metastases. To date, only very few institutions world wide have
dealt with unsealed source radioisotope treatments. Order et
al. (8) have presented results of 32-P chromic phosphate
infusion therapy for patients with unresectable pancreatic
carcinoma, however, these authors did not mention survival

times or morphological changes. Considering the 32-P colloid
activities, we have shown earlier that for the central part of the
tumour, which is the location of the initial injection, a dose of
approximately 100,000 cGy is achieved (1). The development
of a central cyst following central point irradiation due to 32-P
injection observed in resected tumours or metastases must be
assumed to be a late effect of initial necrosis. In the cyst stage,
which occurs after 2-3 weeks, two possibilities for further
irradiation have been suggested: by precipitation of ‚-particles
on the cyst wall, and homogenous distribution of radiation
within the liquid compartment of the cyst (1). 
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Figure 1. Kaplan-Meier estimate of overall survival.

Table II. Characteristics of patients treated with intratumoural 32-P injections.

Case Age Previous treatment Total 32-P Sessions Tumour 
no. (yrs) activity response

(MBq)

1 68 Surgery (multiple); Radiotherapy (70 Gy), Chemotherapy (Cisplatin, Bleomycin, Methotrexate) 333 3 PR
2 57 Surgery, Radiotherapy (70 Gy), Chemotherapy (5-FU, Cisplatin) 185 2 NC/PD
3 75 Surgery, Radiotherapy (50 Gy), Chemotherapy (5-FU, Cisplatin, Bleomycin) 259 3 PR
4 59 Surgery, Radiotherapy (60 Gy), Chemotherapy (5-FU, Cisplatin, Taxanes) 74 1 NC
5 74 Surgery (multiple), Radiotherapy (70 Gy), Chemotherapy (5-FU, Cisplatin) 185 2 PR
6 48 Surgery, Radiotherapy (60 Gy), Chemotherapy (5-FU, Cisplatin) 111 1 NC/PD
7 47 Surgery, Radiotherapy (60 Gy), Chemotherapy (5-FU, Cisplatin, Adriamycin) 185 2 NC/PD
8 62 Surgery, Radiotherapy (70 Gy), Chemotherapy (5-FU, Cisplatin, Taxanes) 333 4 PR
9 48 Surgery (multiple), Radiotherapy (50 Gy), Chemotherapy (5-FU, Cisplatin) 74 1 NC/PD

10 59 Radiotherapy (60 Gy), Chemotherapy (Taxanes, 5-FU, Cisplatin) 444 5 PR
11 63 Radiotherapy (50 Gy), Chemotherapy (Taxanes, 5-FU, Cisplatin, Bleomycin) 315 2 PR
12 61 Surgery, Radiotherapy (50 Gy), Chemotherapy (5-FU, Cisplatin, Taxanes) 444 4 PR
13 64 Surgery, Radiotherapy (50 Gy), Chemotherapy (5-FU, Cisplatin, Taxanes) 370 5 PR
14 42 Surgery, Radiotherapy (60 Gy), Chemotherapy (Cisplatin, Taxanes) 111 1 NC/PD

PR: partial response, NC: no change, PD: progressive disease.



Amongst non-radioactive intratumoral injection treatments
for H&N cancer patients, intratumoral cisplatin/epinephrine
injectable gel has been extensively studied. In published phase
III trials patients with recurrent H&N carcinomas received
cisplatin/epinephrine gel or placebo gel directly injected into
the tumour. With the cisplatin/epinephrine gel, 25-34% of
tumours responded, versus 3% or less with the placebo
(p=0.007 and p<0.007) (9, 10). The responses occurred within
a median of four treatments and were durable (median 3
months). Although in both studies only recurrent H&N cancer
patients, but not patients refractory or resistant to
chemotherapy were included, the results clearly indicated that
intratumoral injection of cisplatin/epinephrine gel significantly
reduced the tumour burden, palliated tumour-related
symptoms, and was an effective local treatment for recurrent
H&N tumours, even though the reported overall response
rates appeared to be somewhat lower than those presented in
our study. Moreover, it has not yet become clear whether
cisplatin/epinephrine should be injected as a gel or in an
aqueous solution since higher response rates (8/14 patients
with recurrent H&N carcinomas) have been reported in a
phase II study of the intratumoral injection of cisplatin and
epinephrine in an aqueous solution (11). A comparison of our
technique with other published intratumoral treatment
strategies for H&N carcinomas is given in Table III. Based on
these findings, we have now started to inject 32-P chromic
phosphate immediately followed by intratumoral injection of
10-20 mg cisplatin (depending on tumour volume). Preliminary
results after the combined treatment in a few patients have
indicated that this schedule was more effective than injection
of 32-P chromic phosphate alone, and adverse side effects did
not increase. 

In summary, the intratumoral injection of 32-P chromic
phosphate had a definite antitumor activity in resistant or
refractory H&N carcinomas with acceptable local tolerance
and no major systemic or local toxic effects. Considering the
response rates presented here, the encouraging effects of
32-P chromic phosphate may draw clinical attention to its

significant therapeutic potential. Thus, it might be of
importance to integrate such novel methods in the future
treatment strategies for resistant or refractory H&N tumours.
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Table III. Overview of intratumoural treatment techniques for H&N
tumours.

Study Agent Response Patients 
rate [N]

Vlock et al. (12) interleukin-2 5% 36
Kitahara et al. (13) OK-432 69%* 13
Allegretti/Panje (14) bleomycin/electroporation 85%* 14
Nemunaitis et al. (15) ONYX-015 virus 14% 40
Werner et al. (9) cisplatin/epinephrine gel 25% 57
Castro et al. (10) cisplatin/epinephrine gel 34% 62
Duvillard et al. (11) cisplatin/epinephrine 57% 14
This study 32-P chromic phosphate 57% 14

*no prior chemotherapy.
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