Abstract

A thymoma was an incidental finding in a seven year old, female neutered, crossbred dog referred for further investigation of an acute hepatopathy. Excision of the thymoma was performed via median sternotomy and 12 weeks later the dog presented with severe neutropenia. The bone marrow was hypercellular and following exclusion of other causes, a diagnosis of paraneoplastic immune-mediated neutropenia was made. The neutrophil count increased to normal within seven days of treatment with prednisolone, which was subsequently tapered. A caudal mediastinal mass was documented on thoracic radiographs 17 months following initial thymoma excision and pleural and mediastinal metastases were evident on computed tomography. Cytology of the largest mass was consistent with carcinoma.  Following the prescription of toceranib phosphate, there was stable disease on computed tomography at six weeks and six months. At 12 months there was severe locoregional disease progression and the dog died eight days thereafter. Post-mortem examination showed diffuse metastatic carcinoma of the caudal mediastinum, parietal pleura and diaphragm and histopathology and immunohistochemistry was most consistent with thymic carcinoma.

Introduction

A thymoma is a neoplasm of the thymic epithelium accompanied by varying degrees of lymphocyte infiltration. Whilst uncommon in dogs, it is one of the most common tumours to occur in the cranial mediastinum1. Thymomas usually occur in older (median age 9.4 – 11 years1,2,3), medium to large breed dogs and Labrador retrievers, golden retrievers and German shepherd dogs may be over represented1,4,5. Thymic carcinoma is rare and there is limited veterinary literature on the biological behaviour of this neoplasm. In human medicine six histological subtypes of thymoma, from benign to malignant, referred to as thymic epithelial tumours have been described6. Thymic carcinoma is considered within this spectrum but is a clinically distinct entity with different biology  including higher stage, lower resectability, lower overall and progression-free survival, more distant metastases and earlier relapses7. 

Paraneoplastic syndromes are common in dogs with thymoma, occurring in up to 67% of cases4. Paraneoplastic syndromes described in dogs include myasthenia gravis, occurring in up to 40% of cases1,2,3, polymyositis8, hypercalcaemia, anaemia, lymphocytosis9, exfoliative dermatitis, erythema multiforme, and myocarditis causing third-degree atrioventricular block2. Paraneoplastic syndromes can occur at presentation, later in the disease course or following tumour excision2, 10. Paraneoplastic syndromes are common too in human medicine and include myasthenia gravis, hypogammaglobulinaemia, pemphigus, pure red cell aplasia, aplastic anaemia, agranulocytosis11, haemolytic anaemia, pernicious anaemia, paroxysmal nocturnal haemoglobinuria and factor XI deficiency12. Agranulocytosis associated with thymoma is rare with fewer than 20 cases described in the human literature to-date11, 12, 13. Granulocytopenia associated with thymoma was described in a domestic shorthaired cat14. To the authors’ knowledge, granulocytopenia associated with thymoma was not previously described in a dog, and herein we present the first reported case, including complete follow-up. In addition this dog later developed metastatic thymic carcinoma and we describe the first case in the veterinary literature in which a tyrosine kinase inhibitor was used for treatment of a thymic epithelial tumour. 

This case highlights three rare features of thymoma in a dog, two of which were previously undescribed: development of immune-mediated neutropenia following thymoma excision, locoregional recurrence of a more aggressive variant (thymic carcinoma) and prolonged response to toceranib phosphate.

Case report

A seven year old, female neutered, German Shepherd/Siberian Husky cross weighing 34.6kg presented for further investigation following the diagnosis of an acute hepatopathy. Haematology at the time showed a normal neutrophil count. Serum biochemistry showed mild hypocholesterolaemia 2.8mmol/L (Ref. 3.2-6.0) and a mild-moderate increase in ALT 274 IU/L (Ref.  7-50). Thoracic radiographs showed a large (10cm x 10cm), well-marginated, multilobulated and homogeneous soft tissue opacity mass in the right cranial thorax causing mild dorsal displacement of the cardiac silhouette and trachea. Cytology yielded a mixed population of lymphoid cells, frequent mast cells and moderate numbers of epithelial cells displaying mild atypia, consistent with thymoma (Figures 1 and 2). The liver was normal on ultrasound and there were no abnormalities of significance on cytology of the liver. There was no evidence of gross metastatic disease on computed tomography (CT [Figure 3]) and paraneoplastic disease was excluded based on haematology, serum biochemistry and normal acetylcholine receptor antibodies. Excision of the thymoma was performed on day 7 via median sternotomy and histopathology and immunohistochemistry were consistent with thymoma (figure 4 and 5). No evidence of infiltration by neoplastic cells was seen in the local lymph nodes submitted with the thymoma. On haematology 18 days post-operatively there was moderate thrombocytosis 721x103/µL (Ref. 150-500) and the neutrophil count was normal. Serum biochemistry was within normal limits.

The initial post-operative period was uneventful then on day 28 the owner described lethargy and mild exercise intolerance. Haematology showed a mild slightly regenerative anaemia, HCT 0.33L/L (Ref. 0.35-0.55), RBC 5.10x1012/L (Ref. 5.4-8.0), Hgb 12.1g/dL (Ref. 12-18), absolute reticulocyte count 82x109/L; mild neutropenia 2.4x109/L (Ref. 3-12), and borderline thrombocytopenia 149x109/L (Ref. 150-400). Serum biochemistry showed a mild decrease in urea 3.3mmol/L (Ref. 3.5-6.0) and moderate hypocholesterolaemia 2.2mmol/L (Ref. 3.2-6.5). Folate, cobalamin, basal cortisol, total thyroxine and thyroid stimulating hormone were within normal limits. Post-operative paraneoplastic myasthenia gravis was excluded based on normal acetylcholine receptor antibodies. Paracetamol/codeine was prescribed for suspected pain at the sternotomy site and re-assessment was performed on day 35. On haematology there was a stable, mild regenerative anaemia, HCT 0.33L/L (Ref. 0.35-0.55), RBC 5.06x1012/L (Ref. 5.4-8.0), Hgb 11.7g/dL (Ref. 12-18), absolute reticulocyte count 101x109/L and progressing mild neutropenia 2.0x109/L (Ref. 3-12). Thoracic radiographs showed no evidence of sternal osteomyelitis as the cause of the suspected sternal pain and progressing neutropenia. Continued post-operative pain was suspected and robenacoxib was prescribed in addition to paracetamol/codeine. There was a significant increase in stamina with the prescription and robenacoxib and the dog no longer lagged behind during exercise. Follow-up haematology on day 56 was within normal limits and the neutrophil count was low-normal 3x109/L (Ref. 3-12). 

One month later, on day 84, the dog presented for recurrent mild exercise intolerance (following withdrawal of robenacoxib and paracetamol/codeine) and acute onset lethargy and hyporexia. Physical examination was normal. Haematology showed severe neutropenia 0.36x109/L (Ref. 3-12) and all other parameters were within normal limits. On serum biochemistry there was a mild decrease in urea 3.2mmol/L (Ref. 3.5-6.0) and mild hypocholesterolaemia 2.9mmol/L (Ref. 3.2-6.5). Thoracic radiographs were normal and there was no recurrence of the previous thymoma. On abdominal ultrasound there was a single small hypoechoic hepatic nodule (cytology showed lymphocytic and histiocytic infiltrates), generalised splenomegaly (cytology showed extra medullary haematopoiesis and possible lymphoid hyperplasia) and a small pancreatic cyst. Polymerase chain reaction for antigen receptor rearrangement (PARR) was performed on the liver and splenic aspirates to exclude lymphoma and both were negative. Urinalysis was normal and urine culture was sterile. There was no evidence of a septic or inflammatory focus causing the severe neutropenia and bone marrow aspiration and biopsy were performed. PCR on the bone marrow for Anaplasma spp., Ehrlichia spp. and Parvovirus were negative. On cytology and histopathology of the bone marrow there was a moderate increase in overall cellularity with slight predominance of mature neutrophils. The severe neutropenia in the presence of hypercellular bone marrow and the absence of a septic or inflammatory focus was consistent with peripheral destruction of the neutrophils and a diagnosis of immune-mediated neutropenia. An immunosuppressive dose of prednisolone (40mg/m2/24hr) was prescribed for treatment. 

On day 91 the neutrophil count was normal, 9.7x109/L (Ref. 3-12). Mild mature neutrophilia 15x109/L (Ref. 3-12) was documented on day 105 and the dose of prednisolone was tapered by 20%. Re-assessment was performed every 21-28 days and the dose of prednisolone was gradually tapered on each occasion based on a continued normal neutrophil count.  The total duration of treatment was seven months and during this period there were moderate adverse effects of glucocorticoid therapy including polyphagia, muscle atrophy, a decrease in tendon strength on the left pelvic limb, vacuolar hepatopathy, portal vein thrombosis and recurrent lower urinary tract infection.

Considering the thymoma was an incidental finding and no clinical signs were described at the time of initial referral re-staging with thoracic radiographs and abdominal ultrasound was recommended every six-twelve months. On re-staging on day 180 there was no evidence of local recurrence or gross metastatic disease. However on day 510, there was a large (8cm x 8cm x 10cm), well defined soft tissue mass in the right mid-thorax suggestive of locoregional recurrence. CT was performed for further clarification and to establish if surgical excision would be possible. CT showed a small amount of pleural fluid in the dependent side of the thorax, symmetrically distributed in both hemithoraces. There were multiple pleural masses in both hemithoraces. These masses had a broad based appearance towards the periphery of the lung field and were of soft tissue attenuation. A large mass (9-10cm diameter) with irregular margins was confirmed in the caudoventral part of the right hemithorax appearing to arise from the mediastinum. There were multiple solid nodules of variable size in the ventral parts of the cranial and caudal mediastinum (figure 6). All the masses had a similar degree of contrast enhancement. There was a small amount of fluid in the mediastinum. Ultrasound guided percutaneous biopsy of the large mediastinal mass was declined by the owner due to the requirement for general anaesthesia and fine needle aspiration was performed. Cytology was consistent with a carcinoma of uncertain origin and no similarities to the previous cytology and histopathology of the earlier diagnosed thymoma were found (Figure 7). A diagnosis of metastatic mediastinal/pleural carcinoma of uncertain origin was made and based on the described use of tyrosine kinase inhibitors for treatment of various solid tumours, including apocrine gland anal sac adenocarcinoma, metastatic osteosarcoma, head and neck carcinoma and nasal carcinoma15, 16 and the authors’ clinical experience using tyrosine kinase inhibitors in metastatic carcinoma, toceranib phosphate (2.8mg/kg PO 3x weekly) was prescribed. Haematology, serum biochemistry and urinalysis were obtained as a baseline prior to starting therapy and these investigations were repeated at regular intervals for therapeutic monitoring according to the data sheet. 

The neutrophil count at the time of diagnosis of metastatic mediastinal/pleural carcinoma of uncertain origin was 2.7x109/L (Ref. 3-12) and there was a gradual decreasing trend to a nadir of 1.3x109/L (Ref. 3-12) on day 538, four weeks following the prescription of toceranib phosphate. Neutropenia is an uncommon consequence of treatment with a tyrosine kinase inhibitor17, 18 and considering the dog’s history and the low neutrophil count prior to treatment, a suspected diagnosis of relapsed immune-mediated neutropenia was made. Prednisolone (40mg/m2/24hr) was again prescribed and the neutrophil count increased to normal, 4.2x109/L (Ref. 3-12) by day 552. As in the past, the dose of prednisolone was tapered gradually based on a continued normal neutrophil count. The total duration of treatment was seven months.

Re-staging with CT was performed on days 552, 690 and 941, (six weeks, six months and twelve months following the prescription of toceranib phosphate). On the first occasion there was evidence of a partial response to treatment with <50% reduction in size of the largest mediastinal mass and a decrease in the number of pleural nodules. On the second occasion there was a continued response to treatment and the largest mediastinal mass was no longer present as a defined mass, leaving an ill-defined and irregular region of soft tissue attenuation. The majority of the pleural masses were decreased in size and number, and two were marginally increased in size. On the third occasion there was significant disease progression with a large increase in the size and number of pleural masses and a small pleural effusion. The neutrophil count was normal at this time, 4.9x109/L (Ref. 3-12). Toceranib phosphate was withdrawn and meloxicam was prescribed for palliative treatment.

Eight days following documentation of progressive disease and withdrawal of toceranib phosphate, the owner described the dog as unsettled and pacing. The dog died at home a short time later, 949 days following the initial incidental diagnosis of thymoma. Post-mortem examination was performed. The thoracic cavity contained 2.8L of serosanguineous fluid, the majority of which was within the right side.  Within the caudal thoracic cavity, compressing and partly displacing the lungs cranially, there was a very large, irregularly shaped neoplastic mass (figure 8).  This mass exhibited a multinodular surface, each nodule approximately 1cm in diameter, and the bulk of the neoplastic mass probably represented a coalescence of smaller nodules.  There was one significantly large mass present in the right caudal aspect of approximately 5cm diameter.  There were several large (approximately 2cm diameter) nodular masses visible within the larger mass.  There were a large number of randomly scattered, multifocal small neoplastic nodules throughout the parietal pleura, more numerous on the right side.  Arising from the right parietal pleura at the level of the 5th – 7th ribs was a focal larger mass, approximately 5cm diameter (figure 9).  On the thoracic epimysial surface of the diaphragm there were several similar tumours, including a single larger tumour of approximately 5cm diameter. Histopathology and immunohistochemistry were consistent with a poorly differentiated carcinoma with occasional squamous differentiation (figure 10 and 11). The neoplastic cells mostly presented as a pleomorphic population of polygonal cells with few features to indicate a tissue of origin.  The appearance of these cells differed from the epithelial cells of the original thymoma. Assuming thymus to be the origin of the neoplasm, thymic carcinoma would be appropriate, although there were no features of the tumour to specifically suggest thymus as the origin.  With the previous diagnosis of thymoma, the subsequent development of a mediastinal neoplasm may represent locoregional recurrence of that lesion, albeit the new tumour was centred on the caudal mediastinum rather than the cranial mediastinum, as is typical.  It is plausible that intra-mediastinal invasion during the surgery 30 months earlier left potentially malignant neoplastic stem cells within the caudal mediastinum, which underwent further malignant transformation over time. 

Discussion

This case highlights three rare features of thymoma in a dog, two of which were previously undescribed. First, the dog developed immune-mediated neutropenia, considered paraneoplastic, following thymoma excision. To the authors’ knowledge this is the first report of paraneoplastic immune-mediated neutropenia occurring in a dog in association with thymoma. Granulocytopenia associated with thymoma was described in a five-year-old, female neutered domestic shorthaired cat14 and agranulocytosis associated with thymoma is rarely described in the human literature11, 12,13. Immune-mediated neutropenia, primary or secondary, is considered rare in dogs, with only a single case in a series of 261 dogs with neutropenia at a referral institute19. Response to immunosuppressive therapy is often used to confirm the diagnosis in dogs, whilst documentation of anti-neutrophil antibodies is preferred to confirm the diagnosis in human medicine. Anti-neutrophil antibodies were documented in human patients with thymoma and granulocytopenia20, 21, although this is an inconsistent finding11, possibly due to specific toxicity to the myelomonocytic precursor cells in the bone marrow. Anti-neutrophil antibodies have been documented in dogs with immune-mediated neutropenia22, 23 and they could not be used to distinguish primary from secondary disease. Measurement of anti-neutrophil antibodies was not available in this case and the complete response to immunosuppressive therapy was used to support the immune-mediated origin. Thymoma and thymic carcinoma arise from thymic epithelial cells and can cause immune dysregulation, which is thought to cause the immune-mediated paraneoplastic syndromes. It has been postulated that there is failure of thymus-dependent immunologic surveillance with aberrant positive selection of potentially auto-reactive T-cells and failure to export regulatory T-cells24. There is no evidence to suggest a relationship between the histologic features of a thymic epithelial tumour and the development of a paraneoplastic syndrome25. There was a complete response to immunosuppressive therapy in this case, supporting an immune-mediated origin of the neutropenia. A similar response to immunosuppression with prednisolone and ciclosporin was documented in the earlier reported cat and there was no clinical evidence of relapse in the eight month period following thymoma excision, although haematology was not performed beyond 27 days post-operatively14. In human medicine the response to treatment is variable, dependent on whether the agranulocytosis presents with complete myeloid aplasia (typically fatal outcome) or promyelocyte arrest (chance of recovery with treatment).  The bone marrow cytology and rapid response to prednisolone in this case was similar to cases described in a recent study of canine primary immune-mediated neutropenia26. Immune-mediated neutropenia can be idiopathic (primary) or secondary to infection, drugs or neoplasia. The condition was considered secondary in this case with the history of thymoma excision and the propensity for paraneoplastic syndromes with this neoplasm, even following excision. Drug-induced neutropenia could not be completely excluded, given the recent surgery and prescribed analgesia, although this was considered less likely as no ‘high risk’ drugs for immune-dysfunction were used (e.g. carprofen, trimethoprim). 

The second unusual feature in this case was the development of a suspected thymic carcinoma following thymoma excision. To the authors’ knowledge this was described in only one other dog in the veterinary literature. Alwen et al27 described an 11-year-old male neutered vizla which developed intra-thoracic and portal site metastasis with paraneoplastic hypercalcaemia following video-assisted thoracoscopic surgery to excise a thymoma six months earlier. The initial thymoma was morphologically distinct from the metastatic lesions on histopathology and with an overall lack of lymphoid components in the latter, a diagnosis of thymic carcinoma with carcinomatosis was made. The gross appearance at necropsy and the histopathology of the metastatic lesions in the vizla27 was comparable to our case. In both cases neoplastic transformation is plausible and the development of malignancy could follow deposition of potentially malignant neoplastic stem cells during surgery. Thymic carcinoma is part of a spectrum of thymic epithelial tumours in human medicine and it is reasonable to suggest the development of thymic carcinoma in this and the earlier case was consistent with locoregional progression. In the largest review of thymoma in dogs1, locoregional progression occurred in 17% of the cases treated surgically, at a median of 362 days (range 32 - 2,170) following surgery. This frequency of recurrence, accompanied with the wide time frame over which it can occur and the potential for a more aggressive histopathological variant would support a recommendation of regular follow-up and re-staging following thymoma excision.  This recommendation is further supported by the high incidence of concurrent non-thymic neoplasia in people and dogs with thymic epithelial tumours1.


The third feature in this case was the prolonged response of the suspected thymic carcinoma to toceranib phosphate. Surgical excision is the treatment of choice for thymoma and the effects of chemotherapy for treatment of thymoma in dogs has not been well evaluated in the veterinary literature. Treatment is most often applied in the neoadjunctive setting to decrease the gross disease burden preceding surgery or where the tumour is non-resectable or recurrent. Platinum compounds, anthracyclines, cyclophosphamide and vincristine are the chemotherapeutic agents most commonly employed and the response rates are variable to poor1,3. In human medicine platinum-based chemotherapy is the standard of care for metastatic, inoperable and/or recurrent disease28. Response rates differ with histopathology and if there is a poor response to treatment or disease progression alternative therapy is sort. Although rare in thymic carcinoma, the presence of c-KIT mutations have been well-demonstrated in the human literature and c-KIT-mutated cases have a significant clinical response to various tyrosine kinase inhibitors29. The use of the tyrosine kinase inhibitors imatinib, sorafenib and sunitinib in thymic epithelial tumours as 2nd, 3rd, 4th or greater line treatment was recently described in the human literature29- 33. A disease control rate of 63% (86% for thymoma and 55% for thymic carcinoma) was reported in one study33. In another study29, sorafenib activity appeared to be independent from the c-KIT and PDGFR-alpha mutational status suggesting an anti-angiogenetic mechanism of action. The authors of the latter study concluded following disease progression on sorafenib, sequential treatment with a different tyrosine kinase inhibitor could be considered. To the authors’ knowledge there is no previous veterinary literature describing the use of a tyrosine kinase inhibitor for treatment of a thymic epithelial tumour. London et al15 described a clinical benefit of toceranib phosphate in 74% of 85 dogs with apocrine gland anal sac adenocarcinoma, metastatic osteosarcoma, head and neck carcinoma or nasal carcinoma and based on this, and the evidence from the human literature, toceranib phosphate was prescribed in this case. Treatment was well tolerated with only a short pause in treatment and a mild dose reduction (to 2.6mg/kg PO 3x weekly) required due to gastrointestinal toxicity 10 days following the initial prescription. The response to treatment was prolonged and would suggest toceranib phosphate could be used for treatment of thymic carcinoma, or potentially thymoma, in dogs where surgical excision is not plausible. Tyrosine kinase inhibitors are not first line treatment in human medicine and should not be considered routine first line treatment in veterinary medicine. It was the unknown origin of the second tumour and presence of metastatic disease in this case that prompted the use of toceranib phosphate as a first line treatment. 

This case highlights the importance of evaluating dogs for the presence of paraneoplastic syndromes associated with thymoma pre and post-treatment and to exclude thymoma as a potential cause when an immune-mediated disease is diagnosed. In addition it highlights the value of longer term follow-up and re-staging following excision of a thymoma, especially where the tumour was an incidental finding. Tyrosine kinase inhibitors are increasingly used in human medicine for ≥2nd line treatment of metastatic, inoperable and/or recurrent thymic epithelial tumours and could be a realistic option for treatment of metastatic, inoperable and/or recurrent thymic epithelial tumours in dogs. 
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Figures

1. Fine needle aspirate cytology of the thymoma showing mixed lymphocytes and a cluster of epithelial cells (delineated by black arrows) 20x magnification, Wright-Giemsa  [image: C:\Users\emo\AppData\Local\Microsoft\Windows\INetCache\Content.Word\3.jpg]
2. Fine needle aspirate cytology of the thymoma showing mixed lymphocytes and mast cells (black arrows) 20x magnification, Wright-Giemsa[image: C:\Users\emo\AppData\Local\Microsoft\Windows\INetCache\Content.Word\4.jpg]
3. CT (dorsal) of the thorax with a large, predominantly right-sided cranial mediastinal mass (black arrow)
[image: C:\Users\emo\AppData\Local\Microsoft\Windows\INetCache\Content.Word\Tia grierson thymoma dosral.tif]
4. Histopathology (H&E staining) of the thymoma 20x. There is a relatively distinct pale focus (delineated by the arrows) which contains many infiltrates of neoplastic cells. In other areas there are dense associated infiltrates of small lymphocytes, with the neoplastic cells indistinct in the background in these areas [image: M:\Tia Grierson\H&E Tia thymoma.jpeg]
5. Cytokeratin immunohistochemistry of the thymoma 40x. Variably distinct aggregates of neoplastic cells (black arrows) are highlighted by cytoplasmic (brown) labelling for Cytokeratin, consistent with thymic epithelium. The associated small lymphocytes (white arrows) in the infiltrates are negative [image: C:\Users\emo\AppData\Local\Microsoft\Windows\INetCache\Content.Word\Cytokeratin Immunohistochemistry 40x.jpeg]
6. CT (dorsal) of the thorax with a large right sided caudal mediastinal mass (bold arrow), and multiple cranial and caudal mediastinal metastases (dotted arrows)
[image: C:\Users\emo\AppData\Local\Microsoft\Windows\INetCache\Content.Word\tia grierson cacinoma and mets.tif]
7. Fine needle aspirate cytology of the caudal mediastinal mass showing high numbers of neoplastic cells arranged in small to large, cohesive clusters or found as naked nuclei; 20x magnification, Wright Giemsa[image: C:\Users\emo\AppData\Local\Microsoft\Windows\INetCache\Content.Word\Wright-Giemsa 20X.JPG]
8. Gross pathology of the lungs with a very large, irregularly shaped, multinodular neoplastic mass adhered caudally[image: M:\Tia Grierson\Gross path 2.JPG]
9. Gross pathology of the thoracic cavity with multiple pleural and diaphragmatic nodules and  a large focal mass arising from the right parietal pleura at the level of the 5th – 7th ribs and the thoracic epimysial surface of the diaphragm [image: M:\Tia Grierson\Gross path 3.JPG]
10. Histopathology (H&E staining) of the caudal mediastinal carcinoma 20x. The mass was poorly demarcated, unencapsulated, densely cellular and highly infiltrative.  The neoplastic cells were arranged predominantly in a densely cellular sheet, with some separation variably into broad trabeculae or smaller packets separated by fine fibrous stroma septa.  Neoplastic cells were a moderate pleomorphic population of large polygonal cells exhibiting mild to moderate anisocytosis.  [image: M:\Tia Grierson\Histopath and IHC carcinoma\H+E 2 20x.jpg]
11.  Pancytokeratin immunohistochemistry of the caudal mediastinal carcinoma 40x. The neoplastic cells were diffusely pancytokeratin positive consistent with epithelial origin. The neoplastic cells were negative for Iba-1 (for histiocytic origin), Vimentin (for mesenchymal origin), Synaptophysin (for neuroendocrine origin) and c-KIT.[image: M:\Tia Grierson\Histopath and IHC carcinoma\IHC 2 40x.jpg]
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