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Introduction

The frequency of unknown primary tumors (UPT), defined by the absence of an identified primary tumor in a patient with biopsy-proven metastatic cancer, ranges from 3 to 10% of all cancer patients [START_REF] Greco | The management of patients with adenocarcinoma and poorly differentiated carcinoma of unknown primary site[END_REF][START_REF] Greco | Cancer of unknown primary site[END_REF][START_REF] Pavlidis | Diagnostic and therapeutic management of cancer of an unknown primary[END_REF]. Well-differentiated or moderately differentiated adenocarcinomas (ACUP) account for the majority of all UPT [START_REF] Greco | Cancer of unknown primary site[END_REF][START_REF] Pavlidis | Diagnostic and therapeutic management of cancer of an unknown primary[END_REF]. In most cases the presenting signs and symptoms of ACUP are varied and non specific, and imaging studies in search of the primary tumor are fruitless [START_REF] Hammar | Metastatic adenocarcinoma of unknown primary origin[END_REF][START_REF] Hillen | Unknown primary tumours[END_REF]. Clinical presentations [START_REF] Pavlidis | Diagnostic and therapeutic management of cancer of an unknown primary[END_REF][START_REF] Greco | Carcinoma of unknown primary site: sequential treatment with paclitaxel/carboplatin/etoposide and gemcitabine/irinotecan: a Minnie Pearl Cancer Research Network phase II trial[END_REF] include (a) multi-metastatic ACUP, (b) metastatic ACUP to lymph nodes including mediastinal, retroperitoneal, axillary, cervical, or inguinal nodes involvement, (c) metastatic ACUP to the peritoneal cavity, (d) metastatic ACUP to the lungs or the pleura, (e) metastatic ACUP to the bones, and (f) metastatic ACUP to the brain. Mediastinal involvement accounts for 20% of all cases of ACUP [START_REF] Greco | Cancer of unknown primary site[END_REF]. Only case reports of mediastinal ACUP have been reported [START_REF] Kohdono | Lymph node cancer of the mediastinal or hilar region with an unknown primary site[END_REF][START_REF] Chen | Four cases of cancer of unknown primary site that manifested as mediastinal metastatic lesions[END_REF][START_REF] Faure | Malignant mediastinal lymph node tumors with unknown primary cancers[END_REF][START_REF] Ohno | A case of mediastinal adenocarcinoma of unknown origin presenting as a diffuse tumor shadow in the middle mediastinum[END_REF]. ACUP are not usually included among the differential diagnoses of mediastinal masses seen on CT [START_REF] Sharma | Patterns of lymphadenopathy in thoracic malignancies[END_REF]. The aim of this retrospective study was (a) to describe the CT features of large mediastinal ACUP mimicking mediastinal lymphoma and (b) to assess whether or not CT could monitor treatment effects.

Materials and methods

Patients

Two hundred and twenty-seven patients were treated for adenocarcinoma of unknown primary (ACUP) between 1993 and 2003 at the Oncology Department of our institution. Fifteen of these patients who presented with primarily mediastinal involvement were initially referred to the Hematologic Department of our institution because of suspected lymphoma, and composed the study population. Pathological diagnosis was obtained in each patient, by surgical biopsy of cervical nodes in nine patients, surgical biopsy following mediastinoscopy in one patient, CT guided biopsy in one patient, and surgical biopsy following thoracotomy in four patients. ACUP was diagnosed on the basis of published criteria, including biopsy-proved adenocarcinoma and no primary tumor identified by physical examination, chest radiography, fiberoptic bronchoscopy, thyroid sonography, conventional mammogram and breast ultra-sound (women), upper gastrointestinal tract fiberoscopy and barium studies, barium enema and colonoscopy, bone scintigraphy, and CT of the head, neck, thorax, abdomen, and pelvis [START_REF] Pavlidis | Diagnostic and therapeutic management of cancer of an unknown primary[END_REF][START_REF] Hall | Workup of adenocarcinoma of unknown primary site[END_REF][START_REF] Simon | The search for the primary tumor in patients with skeletal metastases of unknown origin[END_REF][START_REF] Bitran | Malignancies of undetermined primary origin[END_REF].

File review

The following information was collected from the patient files:

-clinical features at presentation, including age, personal history of cancer, cigarette consumption, symptoms at diagnosis, and the results of physical examination; -biological results, including blood cell counts, lactate dehydrogenase (LDH), and tumor markers, including carcinoembryonic antigen (CEA) (13 patients), CA-15-3 (8 patients), CA-19-9 (9 patients), CA-125 (9 patients), ␣-fetoprotein (AFP) (4 patients), human chorionic gonadotropin hormone (beta-HCG) (4 patients), and prostate-specific antigen (PSA) (3 patients); -pathological diagnosis, including differentiation status.

CT analysis

All patients underwent thoraco-abdominal helical CT studies (CT Flash, Elscint, Haifa, Israel), before and after injection of 60-120 ml of iodinated contrast medium (Omnipaque ® 300, Iohexol, Amersham Health, Buckingamshire, UK). CT parameters were adapted to each patient, with total chest coverage in 24-32 s and 8 mm slice thickness (120 kVp and 210 mAs), and total abdominal coverage in 28-40 s with 8 mm slice thickness (120 kVp and 210 mAs). CT was performed both at diagnosis and at least 4 weeks following treatment outset. All thoraco-abdominal CT films were printed for consensus review by two radiologists (CL and AR), who noted the following features:

-location of the largest mass and associated mediastinal lymphadenopathies (based on the international Lymph Node Classification and the International System of Staging Lung Cancer adopted by the American Joint Committee on Cancer (AJCC) and the Union Internationale Contre le Cancer (UICC)) [START_REF] Mountain | Revisions in the international system for staging lung cancer[END_REF][START_REF] Mountain | Regional lymph node classification for lung cancer staging[END_REF]; size of the largest mediastinal mass (product of the two largest diameters); -presence of calcifications on unenhanced CT; -visual assessment of the density of the mediastinal mass on enhanced CT, including an assessment of homogeneity; -associated abnormalities, including lung nodules, pleural, or pericardial effusion; -vascular compression or thrombosis (superior vena cava syndrome); -suspicious malignant abdominal or pelvic lesions, including lymphadenopathies and non cystic liver nodules.

Treatment regimen

-First-line regimen: The patients received chemotherapy (13 patients), radiotherapy (1 patient) or surgical resection (1 patient). Chemotherapy consisted of cycles of etoposide (etoposide 100 mg/m 2 intravenously on days 1-3) and cisplatin (cisplatin 100 mg/m 2 on day 2) administered every 3 weeks. A total of six courses were planned. -Second-line regimen: Patients initially treated with chemotherapy then received radiotherapy, either alone (five patients) or combined with chemotherapy (nine patients); the patient initially treated with radiotherapy subsequently received chemotherapy.

Follow-up CT analysis

Changes on follow-up CT, performed 4 weeks after treatment outset, were assessed in all but one of the patients, according to WHO criteria, based on the change in the sum of the products of the two largest diameters [START_REF] Miller | Reporting results of cancer treatment[END_REF][START_REF] Therasse | New guidelines to evaluate the response to treatment in solid tumors. European Organization for Research and Treatment of Cancer, National Cancer Institute of the United States, National Cancer Institute of Canada[END_REF] (Table 1). Third CT examinations, performed after second-line treatment, were assessed when available.

Results

The mean age of the 15 patients at diagnosis was 40 years (range 31-70 years). Six patients were females. None of the patients reported a personal history of cancer. Five patients (four males, one female) reported smoking for more than 10 years. All the patients had at least one presenting symptom, and baseline clinical findings are summarized in Table 2.

Blood cell counts and LDH levels were normal in all but two patients, both of whom had moderately elevated LDH levels (mean LDH level 1.6 times the upper limit of normal (ULN), range 1.2-to 2-fold). Seven of the 9 patients tested (2 males, 5 females) had elevated CA-125 (range 1.5-13 times normal value), 6 of 8 patients (2 males, 4 females) had elevated CA-15.3 (range 1.1-7 ULN), 5 of 13 patients (4 males, 1 female) had elevated CEA (range 1.5-164 ULN) and 3 of 9 patients (all male) had elevated CA-19.9 (range 2.5-12 ULN). AFP and BHCG levels were normal in all the patients tested. PSA levels were normal in all male patients. Pathological studies showed either poorly differentiated (eight patients (53%)) or undifferentiated adenocarcinoma (seven patients (47%)).

CT at diagnosis

Baseline chest CT findings are summarized in Table 3. The anterior or middle mediastinum were always involved and the anterior mediastinum alone in 33% (5/15) of all patients. The mean size of the largest masses was 27 cm 2 (10-72 cm 2 , S.D. 18). Most of the mediastinal masses (67%) were heterogeneous with hypodense foci on enhanced CT (Fig. 1), while none displayed calcifications. Pulmonary nodules were the most frequent associated finding (six cases (40%)), followed by superior vena cava compression (five cases (33%)). All lung nodules were round shaped, homogeneous, non calcified, below 1 cm small lesions. A thrombosed right jugular and sub-clavicular vein was found in one patient with ipsilateral arm swelling (patient no. 6), and sternal involvement was found in one patient (patient no. 10) (Fig. 2). On abdominal CT, four patients had suspected malignant lesions, consisting of non cystic liver nodules (patients 7 and 15) and retroperitoneal lymph nodes (patients 4, 8, and 15).

Follow-up after treatment

Chest CT studies performed 4 weeks after treatment outset were available for review in all but one of the patients (the patient treated with radiotherapy alone, who was lost to follow-up) (Table 4). Among the 13 patients initially treated with chemotherapy, early evaluation following first-line treatment showed partial responses in 6 patients (43%) and stable disease in the remaining 7 patients (57%). Follow-up chest CT studies were also available for the 14 patients who completed second-line treatment (Table 4). None of the patients progressed during treatment. Three patients (two treated with combined chemotherapy and radiotherapy, and one treated by surgical excision followed by radiotherapy) had complete responses (CR), while eight patients had partial response (PR) (Fig. 2). These 14 patients were followed-up for a mean of 15 months (3-49 months): all developed distant metastases, of bone (5 patients (33%)), lung (7 patients (47%)), brain (4 patients (27%)), liver (4 patients (27%)) adrenal glands (2 patients (13%)), kidneys (2 patients (13%)) and pleura (2 patients (20%)). The interval between initial diagnosis and the detection of distant metastasis was 4.5 months (2-19 months). The median and mean survival times of the 14 patients were, respectively, 7 and 13.2 months (range 3-49 months). Patients who achieved CR tended to have longer survival times than patients with stable or PR (NS).

Discussion

Our analysis of CT findings in patients with mediastinal ACUP shows that involvement of the anterior mediastinum is constant and is frequently associated with middle mediastinum involvement. Our study suggests that presenting signs and symptoms in mediastinal ACUP are non specific and mostly linked to associated lymphadenopathies (mainly axillary or cervical) or to the compression of large vessels owing to the extent of the mediastinal involvement. As such, imaging findings of large mediastinal ACUP can mimic mediastinal involvement in lymphoma. Additionally, biological findings are non specific, and tumor markers are non contributory. Serum LDH was elevated in two patients, mistakenly suggesting lymphoma. Superior vena cava (SVC) compression was identified by chest CT in five patients, four of whom showed clinical signs of superior vena cava syndrome or right arm swelling. These findings however remain non specific as the SVC or main airways may also be compressed in several other pathologies involving the mediastinum, such as lymphoma [START_REF] Petersdorf | Lymphoproliferative disorders presenting as mediastinal neoplasms[END_REF][START_REF] Russell | Presentation of non-Hodgkin's lymphoma as acute hypoxia caused by right ventricular compression[END_REF]. The density of the mediastinal masses was non specific, most lesions being heterogeneous. None of our patients had mediastinal calcifications, which have been reported in a wide range of tumors, including Hodgkin's lymphoma and germcell tumors [START_REF] Drevelegas | Mediastinal germ cell tumors: a radiologic-pathologic review[END_REF][START_REF] Alobeidy | Calcification in untreated mediastinal Hodgkin's lymphoma[END_REF][START_REF] Jung | Malignant thymic epithelial tumors: CT-pathologic correlation[END_REF][START_REF] Choi | Mediastinal teratoma: CT differentiation of ruptured and unruptured tumors[END_REF].

CT showed that patients with mediastinal ACUP had both mediastinal involvement and other findings such as pulmonary nodules. CT features of all pulmonary nodules (round-shaped, below 1 cm large nodes) and fiberoptic bronchoscopy failed to identify features suggestive of primary lung cancer in any of our patients. Furthermore, none of our patients presented with an isolated lung mass which could have been accessible to percutaneous biopsy. When present, the mediastinal involvement in ACUP could thus reflect the presence of metastatic disease.

There are several limitations to our study. Based on CT findings, the differential diagnosis between mediastinal ACUP and lymphoma is difficult. Most patients included in our study showed large anterior/middle mediastinal masses and cervical lymphadenopathies. The results of electron microscopy and immunohistochemistry were not available in our patients. Such techniques can be useful for site-specific diagnosis, but even immunohistochemistry can be non specific in ACUP [START_REF] Hammar | Metastatic adenocarcinoma of unknown primary origin[END_REF]. Another limitation of our study is that FDG-PET imaging was not used in the search for the primary tumor, although recent reports suggest the utility of this novel approach in this setting [START_REF] Jungehulsing | 2[F]-fluoro-2deoxy-d-glucose positron emission tomography is a sensitive tool for the detection of occult primary cancer (carcinoma of unknown primary syndrome) with head and neck lymph node manifestation[END_REF][START_REF] Lassen | 18F-FDG whole body positron emission tomography (PET) in patients with unknown primary tumours (UPT)[END_REF][START_REF] Regelink | Detection of unknown primary tumours and distant metastases in patients with cervical metastases: value of FDG-PET versus conventional modalities[END_REF]. Moreover, combined PET-CT imaging strategies could improve the identification of the primary site in mediastinal ACUP [START_REF] Gutzeit | Unknown primary tumors: detection with dual-modality PET/CT-initial experience[END_REF].A s the mediastinal masses in our patients were large, the use of a monoslice CT device seems to have been appropriate. However, we acknowledge that we deliberately considered patients in whom was raised the possible differential diagnosis of lymphoma. We thus deliberately excluded patients with ACUP associated with limited mediastinal involvement already reported in previous studies [START_REF] Kohdono | Lymph node cancer of the mediastinal or hilar region with an unknown primary site[END_REF][START_REF] Chen | Four cases of cancer of unknown primary site that manifested as mediastinal metastatic lesions[END_REF][START_REF] Faure | Malignant mediastinal lymph node tumors with unknown primary cancers[END_REF][START_REF] Ohno | A case of mediastinal adenocarcinoma of unknown origin presenting as a diffuse tumor shadow in the middle mediastinum[END_REF]. However, our aim was not to review all cases of ACUP with mediastinal involvement, which is a well-recognized clinicopathological entity [START_REF] Pavlidis | Diagnostic and therapeutic management of cancer of an unknown primary[END_REF], but rather to determine if CT findings could help in excluding lymphoma. Our study confirms that no specific CT finding can help in this setting.

However, our study suggests that CT offers adequate evaluation of initial tumor size and its changes during treatment, which seem related to mean survival rates, although not significantly owing to the small group of patients considered.

Our survival results are in keeping with previous data, with a median survival time of 7 months [START_REF] Faure | Malignant mediastinal lymph node tumors with unknown primary cancers[END_REF]. We acknowledge however that our study population was small, and that different treatment strategies were initiated in all our patients. Statistical conclusions on the effect of therapeutic strategies are therefore beyond the scope of this study, and should rather be assessed on larger prospective studies.

Our study shows that mediastinal ACUP, although rare, must be taken into account in the differential diagnosis of large mediastinal masses. CT findings are non specific in this setting, showing the absence of calcification in a large heterogeneous mass involving both the anterior and middle mediastinum, and compressing adjacent structures.

Fig. 1 .

 1 Fig. 1. A 55-year-old woman with adenocarcinoma of unknown primary (ACUP) presenting with weight loss and a left-sided supra-clavicular node. Initial enhanced CT scan of the upper mediastinum showed a 5 cm large anterior mediastinal mass with heterogeneous hypodense foci (arrowhead) with a pre-tracheal enlarged lymph node (arrow).

Fig. 2 .

 2 Fig. 2. A 47-year-old man with adenocarcinoma of unknown primary (ACUP) with peripheral lymphadenopathies. (a) Initial enhanced CT scan of the upper mediastinum showed a 9 cm × 8 cm large heterogeneous mass involving the anterior mediastinum (arrowhead) with thoracic wall involvement (arrow). (b) Post-treatment enhanced CT scan of the upper mediastinum showed residual 4 cm × 2 cm large mass of the anterior mediastinum consistent with partial response.

Table 1

 1 Definition of responses according to WHO criteria[START_REF] Miller | Reporting results of cancer treatment[END_REF][START_REF] Therasse | New guidelines to evaluate the response to treatment in solid tumors. European Organization for Research and Treatment of Cancer, National Cancer Institute of the United States, National Cancer Institute of Canada[END_REF] 

	Best response	WHO change in sum of products of lesions'
		largest transverse diameters
	Complete response (CR)	Disappearance of all target lesions with no
		residual lesion
	Partial response (PR)	

50% or more decrease in target lesions, without a 25% increase in any one target lesion Stable disease (SD) Neither PR nor PD criteria are met Progressive disease (PD) 25% or more increase in the size of measurable lesion or appearance of new lesions

Table 2

 2 

	Clinical and biological findings			
	Patient no.	Sex/age	Symptoms at diagnosis	Clinical findings a	Site of pathological diagnosis b
	1	F/43	Right shoulder pain	CN	CN
	2	F/59	Weight loss-Fatigue	SVCS	M
			Dyspnea		
			Right shoulder pain		
	3	M/39	Right shoulder pain	SVCS	M
	4	F/42	Dysphonia	CN	CN
			Dysphagia		
	5	M/47	Cough	CN	CN
	6	M/41	Fatigue	CN	CN
			Right arm swelling	AN	
	7	F/48	Right arm swelling	CN	CN
	8	F/51	Dyspnea	SVCS	M
	9	M/44	Dyspnea and Tamponade	CN	M
	10	M/46	Fatigue-weight loss	AN	M
			Dyspnea		
	11	M/41	Fatigue-weight loss		M
	12	M/31	Cough	CN	CN
	13	F/58	Cough	CN	CN
	14	M/70	Fatigue-weight loss	CN	CN
			Dysphonia		
	15	M/66	Fatigue	CN	CN
			Cough		
	F, female; M, male.				

a SVCS, superior vena cava syndrome; CN, cervical nodes; AN, axillary nodes. b CN, cervical nodes; M, mediastinum.

Table 3

 3 

	CT features at diagnosis				
	Patient no.	Number of	Location of	Size of largest	Density of largest	Associated findings c
		mediastinal masses a	mediastinal masses b	mediastinal mass (cm 2 )	mediastinal mass	
	1	2	2R + 4R	18	Homogeneous	LN
	2	3	2R + 2L + 4L	30	Homogeneous	VCC
						LN
	3	2	2R + 4R	30	Heterogeneous	
	4	m	2R+2L+4R+4L+5+7	16	Heterogeneous	EC
						LN
						RLN
	5	m	2R + 2L + 4R + 4L + 3	27	Homogeneous	
	6	2	2L + 4L	49	Homogeneous	LN
						VCC
	7	m	2R+2L+4R+4L+5+7	12	Heterogeneous	VCC
						PlE
						LiN
	8	1	3	60	Heterogeneous	VCC
						PlE
						RLN
	9	1	3	20	Heterogeneous	LN
						PeE
						PlE
	10	1	3	72	Heterogeneous	VCC
						StE
	11	1	5	22	Homogeneous	
	12	m	2R+2L+4R+4L+5+7	12	Heterogeneous	EC
	13	3	2R+2L+4R+4L+5+7	20	Heterogeneous	LN
	14	1	5	11	Heterogeneous	PlE
	15	3	2R + 2L + 4L	7	Heterogeneous	RLN
						LiN
						2L, upper left paratracheal
	node; 3, pre-tracheal; 4R, lower right paratracheal node; 4L, lower left paratracheal node; 5, subaortic node; 7, subcarinal node; 9, right inferior pulmonary
	ligament node; 10; Hilar node.				

a m, multiple. b Location of the largest mediastinal mass according to the UICC Station Classification

[START_REF] Mountain | Revisions in the international system for staging lung cancer[END_REF][START_REF] Mountain | Regional lymph node classification for lung cancer staging[END_REF]

; 2R, upper right paratracheal node; c LN, lung nodule; EC, esophageal compression; VCC, vena cava compression; PlE, pleural effusion; PeE, pericardial effusion; RLN, retroperitoneal lymph nodes; LiN, liver nodes; StE, sternal erosion.

Table 4

 4 CT follow-up of 15 patients with mediastinal ACUP after treatment

	Patient	Initial mean	First line of	Response to first-line	Size of mediastinal	Second-line	Response to	Survival
	no.	lesion size (cm 2 )	treatment a	treatment (CT at 4	masses after first line	treatment (#)	second-line treatment	(months)
				weeks) b	of treatment (cm 2 )		(CT after treatment	
							completion) b	
	1	18	CH	Stable	13	RTH	Stable	10
	2	30	RTH	Lost to follow-up	Lost to follow-up	Lost to follow-up Lost to follow-up	Lost to follow-up
	3	30	CH	Stable	30	RTH	Stable	7
	4	1 6	C H	P R4	R T H	P R6
	5	27	CH	Stable	22	RTH	PR	9
	6	49	CH	PR	12	RTH	PR	5
	7	12	CH	Stable	9	RTH	Stable	3
	8	60	CH	Stable	42	RTH	PR	24
	92 0	C H	P R	6	R T H	C R	4 9
	10	72	CH	Stable	72	RTH	PR	6
	11	22	SURG	CR	0	RTH	CR	20
	12	12	CH	PR	5	RTH	CR	12
	13	20	CH	PR	7	RTH	PR	21
	14	10.5	CH	Stable	10.5	RTH	PR	7
	15	10	CH	PR	3	RTH	PR	5

a CH, chemotherapy; RTH, radiotherapy; SURG, surgery. b PR, partial response; CR, complete response.