Phase 1 - Lung Carcinoma Laboratory

Case 1

This 75 year old man is a chronic cigarette smoker (50+ pack years) with a productive cough for at least five years which is worse in the winter.  He is dyspneic with moderate exercise.  He recently noticed streaks of blood in his morning mucus.

Q1:
What investigations would you recommend?

Q2:
His physician requested sputum cytology.  What is sputum?  How does the cytology laboratory determine if the sputum is “adequate”?  How many sputum specimens should be collected?

Q3:
What is your diagnosis regarding the sputum (case 1, left upper corner)?  What criteria did you use to arrive at this diagnosis?

Q4:
A fine needle aspirate was also done.  When should a transthoracic fine needle aspiration be done?  What are the complications of transthoracic fine needle aspiration?

Q5:
What is your diagnosis based on the FNA?  (case 1, right upper corner)  What criteria did you use?

Q6:
In the left lower corner is a photograph of left upper lobe lung bronchial biopsy.  What are the cells making up the upper 10% of the photograph?  What are the cells immediately below?  The lower 2/3 of the photograph is tumor.  How would you classify the neoplasm?

Q7:
In the right lower corner is a photograph of the resected specimen.  The tumor was pathologically staged as P0, T2, N0.  What is the TNM system and why is it used?  Where is this tumor likely to metastasize?

Case 2

This 54 year old woman had a chest x-ray abnormality identified following a MVA.  She stopped smoking about 10 years before this accident.  She had no other symptoms.

Q1:
Her physician requested sputum cytology (case 2, left upper corner).  What is your diagnosis based on the sputum specimen?  What criteria have you used to arrive at this diagnosis?
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Case 2 Questions continued:

Q2:
The lesion was distally located and could not be reached with a bronchoscope.  A transthoracic fine needle aspirate was performed (case 2, right upper corner).  What is your diagnosis?  What criteria did you use in order to arrive at this diagnosis?  What is your differential diagnosis?

Q3:
No lymph node metastases were found at mediastinoscopy.  A left lower lobectomy was done (case 2, left lower corner).  The tumor was pathologically staged as P1, T2, N0.  What is the significance of pleural involvement?

Q4:
In the right lower corner is a photomicrograph of tissue section taken from the tumor.  What is your diagnosis?  Can you subtype this neoplasm?

Case 3

This 60 year old woman complained of a chronic mucus-producing cough.  Chest x-ray showed parenchymal consolidation suggestive of pneumonia.  She had no fever and was, other than the cough, asymptomatic.  No lesion was observed at bronchoscopy.

Q1:
A bronchial brush cytologic specimen was obtained from the left lower lobe (case 3, upper paragraph).  What are the cells in the upper and lower 1/3 of the photograph?  Can you make a diagnosis based on the cells in the middle 1/3 of the photograph?  If so, what is your diagnosis?

Q2:
The bronchial brush diagnosis was unsuspected.  A CT scan was done (case 3, middle photograph).  What are the CT findings?

Q3:
The CT findings were supportive of the cytologic diagnosis.  The patient was reluctant to accept the diagnosis.  An open lung biopsy was done (case 3, lower photograph).  What is your diagnosis?  What are the criteria that you have used to arrive at this diagnosis?  What has caused the consolidation noted on CT scan?

Surgical removal of the tumor was not possible.

Case 4

This 61 year old man was a heavy smoker.  He presented with cough, weight loss and general ill health.

Q1:
The upper photograph is of a cluster of cells found in his sputum.  What is your diagnosis? What are your differential diagnoses?

Case 4 Questions continued:

Q2:
There was a palpable lymph node in the left supraclavicular fossa which was aspirated (middle photograph).  What is your diagnosis and what are the criteria allowing you to make this diagnosis?

Q3:
Chemotherapy dramatically reduced the size of the lung mass.  Despite this good response to chemotherapy, the patient developed acute congestive cardiac failure and died abruptly.  What are the possible causes of his acute heart failure?

Q4:
The lower photography is of a tissue section taken at autopsy.  What is the tissue?  What is the abnormality?

Case 5

This 55 year old man, while enjoying a glass with his friends at the Royal Canadian Legion, coughed up about a cup of blood.  On questioning, he has a short past history of hemoptysis.  A routine chest x-ray was interpreted as normal.  At bronchoscopy a vascular polypoid mass was identified in the mainstem bronchus.  Bronchoscopy was followed by brisk hemoptysis.  A pneumonectomy was done.

Q1:
The upper photograph is the lung.  The prosector is doing something rather stupid.  What is that?  What is the differential diagnosis of the intrabronchial lesion he is demonstrating?

Q2:
The lower photograph is a tissue section taken from the tumor.  What is your diagnosis, the criteria you used in making that diagnosis and your differential?
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Case 1 Answers

His physician requested sputum cytology (three morning samples).

Figure a:
Sputum x40 – squamous cell carcinoma.  A chest x-ray was ordered which demonstrated a left upper lobe mass.  The mass was centrally located and could be biopsied through a bronchoscope.  

Figure b:
FNA left upper lobe mass x40 (1.6) – poorly differentiated squamous cell carcinoma.

Figure c:
Left upper lobe lung bronchial biopsy x40(1) – squamous cell carcinoma.  Location 4L (left low paratracheal) and 10L (left main bronchial) lymph nodes were biopsies at mediastinoscopy.  No metastatic carcinoma was found.  A left lower lobectomy was done.

Figure d:
Left upper lobectomy – poorly differentiated squamous cell carcinoma. 

(P0 – no pleural involvement; T2 – tumor is more than 3cm in greatest diameter; N0 – no demonstrable metastases to regional lymph nodes)

The investigations should include sputum cytology and chest radiography.  Sputum should be differentiated from saliva and nasal secretions (“horking”).  Sputum usually contains mucoid material.  Koss recommends three early morning sputum specimens.  Deep cough histiocytes (alveolar macrophages) must be present for the cytology lab to consider the specimen adequate.  The nuclear criteria for squamous cell carcinoma in sputum include hyperchromasia (India ink nuclei), angularity, enlargement and irregularity.  The cytoplasmic criteria include keratinization, orangophilia, dense cytoplasm with well defined cytoplasmic margins and occasionally, endoecto-cytoplasmic differentiation (more often observed in brush material).  Fine needle aspiration is usually done when the bronchoscopist cannot reach the lesion (i.e. the lesion is peripherally situated).  Complications of transthoracic FNA include hemorrhage, air embolism with sudden death, pneumothorax and needle track metastases.  All, except pneumothorax, are very rare.  The cytologic criteria differ somewhat from sputum – in well preserved FNA and brush material, the nuclei of squamous cell carcinoma are similar to adenocarcinoma (vesicular with prominent nucleoli); the cytoplasm is dense with well defined ctyoplasmic margins, occasionally intercellular prickles (desmosomes) are identified, the cytoplasm tends to be orangophilic or deep pink staining and there may be detached keratinized cells.  The biopsy shows moderately well differentiated squamous cell carcinoma.  The cells in the upper 10% of the photograph are bronchial mucosa, immediately below the mucosa is a layer of chronic inflammatory cells including many plasma cells.  TNM – tumor, node, metastasis.  The staging is explained above.  Likely metastatic sites include brain, bones, adrenal and the other lung.

Case 2 Answers
Figure a:
Sputum x40 (1.6) – adenocarcinoma

Figure b:
FNA left lower lobe lung – poorly differentiated adenocarcinoma x40 (1.6)

Figure c:
Left lower lobectomy – moderately well differentiated acinar adenocarcinoma.  P1 – visceral pleural invasion, T2 – tumor more than 3 cm in greatest diameter or tumor of any size that has invaded visceral pleura; N0 – no regional lymph node metastases.
Figure d:
Histology from above – acinar adenocarcinoma

The cytologic criteria for adenocarcinoma in sputum include: round to oval, lobulated vesicular nuclei with one or more prominent nucleoli, delicate vacuolated cytoplasm and arrangement of tumor cells in three dimensional clusters as well as singly.  The FNA diagnosis is poorly differentiated adenocarcinoma (it is from a different case).  The cytologic criteria include lobulated vesicular nuclei with prominent nucleoli, wispy vacuolated cytoplasm and cell arrangement in sheets and clusters, occasionally with acinar shapes.  The major differential diagnosis is metastatic adenocarcinoma.  P1 (visceral pleural involvement) in the TNM system makes the tumor T2 (...or tumor of any size which has invaded the visceral pleura…) and implies a poorer prognosis no matter how small the primary tumor.  The tumor is an acinar adenocarcinoma.  Other forms are papillary, solid and bronchiolo-alveolar.

Case 3 Answers
Figure a:
Bronchial brush x40 (1) – bronchiolo-alveolar adenocarcinoma

Figure b:
Chest CT scan – peripheral consolidation.

Figure c:
Open lung biopsy x10 – secretory bronchiolo-alveolar adenocarcinoma.

The tumor is a secretory bronchiolo-alveolar adenocarcinoma.  The cells in the upper and lower 1/3’s of the photograph are normal bronchial epithelial cells.  The cells in the centre are from the tumor.  They are very little different from the normal cells – thus bronchiolo-alveolar adenocarcinoma can be underdiagnosed cytologically.  The CT scan shows bilateral consolidation.  The differential includes pneumonia.  The open lung biopsy shows a secretory bronchiolo-alveolar carcinoma.  Classically bronchiolo-alveolar carcinoma is composed of well differentiated gland cells supported by intact alveolar membranes.  Some tumors, like this one, secrete mucus (secretory).  Others do not (nonsecretory).  Much of the consolidation is probably due to mucus in alveoli.

Case 4 Answers

Figure a:
Sputum x40 (1.6) – small cell carcinoma.

Figure b:
FNA x40 (1.6) – small cell carcinoma.

Figure c:
Post mortem left ventricle section x40 – small cell carcinoma.

Case 4 Answers continued:

The tumor is small cell carcinoma.  The differential includes reserve cell hyperplasia and lymphocytes, both normal and neoplastic.  In sputum the tumor appears as small dark cells in non-cohesive or loosely cohesive clusters; nuclei are hyperchromatic, nucleoli are absent, cytoplasm is scant, nuclei mold around one another and crush artifact may be present.  Well preserved small cell carcinoma cells are two to three times the size of a lymphocyte, have “salt and pepper” chromatin with hyperchromatic variably sized and shaped nuclei, no (or inconspicuous) nucleoli and tend to mold about one another.  Crush artifact (strands of DNA) is usually present.  The tumor cells tend to be clustered together but are not usually cohesive.  Possible causes of heart failure include chemotherapy/radiation therapy toxicity as well as metastases.  The tissue section shows small cell carcinoma infiltrating left ventricle.

Case 5 Answers

Figure a:
Pneumonectomy – bronchial ‘typical’ carcinoid (old photograph – note prosector not using universal precautions!)

Figure b:
Section from above – typical carcinoid.

The lesion is a typical carcinoid.  It classically presents with brisk hemoptysis.  It is a malignant tumor – a small percentage have hilar and mediastinal metastases.  The prosector is not wearing gloves – i.e. not following universal precautions.  The differential diagnosis includes foreign body as well as bronchogenic carcinoma.  The main histologic criterion is uniformity of the tumor cells.
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(Questions and Answers for Instructors)
Case 1

This 75 year old man is a chronic cigarette smoker (50+ pack years) with a productive cough for at least five years which is worse in the winter.  He is dyspneic with moderate exercise.  He recently noticed streaks of blood in his morning mucus.

Q1:
What investigations would you recommend?

Q2:
His physician requested sputum cytology.  What is sputum?  How does the cytology laboratory determine if the sputum is “adequate”?  How many sputum specimens should be collected?

Q3:
What is your diagnosis regarding the sputum (case 1, left upper corner)?  What criteria did you use to arrive at this diagnosis?

Q4:
A fine needle aspirate was also done.  When should a transthoracic fine needle aspiration be done?  What are the complications of transthoracic fine needle aspiration?

Q5:
What is your diagnosis based on the FNA?  (case 1, right upper corner)  What criteria did you use?

Q6:
In the left lower corner is a photograph of left upper lobe lung bronchial biopsy.  What are the cells making up the upper 10% of the photograph?  What are the cells immediately below?  The lower 2/3 of the photograph is tumor.  How would you classify the neoplasm?

Q7:
In the right lower corner is a photograph of the resected specimen.  The tumor was pathologically staged as P0, T2, N0.  What is the TNM system and why is it used?  Where is this tumor likely to metastasize?

Case 1 Answers

His physician requested sputum cytology (three morning samples).

Figure a:
Sputum x40 – squamous cell carcinoma.  A chest x-ray was ordered which demonstrated a left upper lobe mass.  The mass was centrally located and could be biopsied through a bronchoscope.  

Figure b:
FNA left upper lobe mass x40 (1.6) – poorly differentiated squamous cell carcinoma.
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Case 1 Answers continued:

Figure c:
Left upper lobe lung bronchial biopsy x40(1) – squamous cell carcinoma.  Location 4L (left low paratracheal) and 10L (left main bronchial) lymph nodes were biopsies at mediastinoscopy.  No metastatic carcinoma was found.  A left lower lobectomy was done.

Figure d:
Left upper lobectomy – poorly differentiated squamous cell carcinoma. 
(P0 – no pleural involvement; T2 – tumor is more than 3cm in greatest diameter; N0 – no demonstrable metastases to regional lymph nodes)

The investigations should include sputum cytology and chest radiography.  Sputum should be differentiated from saliva and nasal secretions (“horking”).  Sputum usually contains mucoid material.  Koss recommends three early morning sputum specimens.  Deep cough histiocytes (alveolar macrophages) must be present for the cytology lab to consider the specimen adequate.  The nuclear criteria for squamous cell carcinoma in sputum include hyperchromasia (India ink nuclei), angularity, enlargement and irregularity.  The cytoplasmic criteria include keratinization, orangophilia, dense cytoplasm with well defined cytoplasmic margins and occasionally, endoecto-cytoplasmic differentiation (more often observed in brush material).  Fine needle aspiration is usually done when the bronchoscopist cannot reach the lesion (i.e. the lesion is peripherally situated).  Complications of transthoracic FNA include hemorrhage, air embolism with sudden death, pneumothorax and needle track metastases.  All, except pneumothorax, are very rare.  The cytologic criteria differ somewhat from sputum – in well preserved FNA and brush material, the nuclei of squamous cell carcinoma are similar to adenocarcinoma (vesicular with prominent nucleoli); the cytoplasm is dense with well defined ctyoplasmic margins, occasionally intercellular prickles (desmosomes) are identified, the cytoplasm tends to be orangophilic or deep pink staining and there may be detached keratinized cells.  The biopsy shows moderately well differentiated squamous cell carcinoma.  The cells in the upper 10% of the photograph are bronchial mucosa, immediately below the mucosa is a layer of chronic inflammatory cells including many plasma cells.  TNM – tumor, node, metastasis.  The staging is explained above.  Likely metastatic sites include brain, bones, adrenal and the other lung.

Case 2

This 54 year old woman had a chest x-ray abnormality identified following a MVA.  She stopped smoking about 10 years before this accident.  She had no other symptoms.

Q1:
Her physician requested sputum cytology (case 2, left upper corner).  What is your diagnosis based on the sputum specimen?  What criteria have you used to arrive at this diagnosis?

Case 2 Questions continued:

Q2:
The lesion was distally located and could not be reached with a bronchoscope.  A transthoracic fine needle aspirate was performed (case 2, right upper corner).  What is your diagnosis?  What criteria did you use in order to arrive at this diagnosis?  What is your differential diagnosis?

Q3:
No lymph node metastases were found at mediastinoscopy.  A left lower lobectomy was done (case 2, left lower corner).  The tumor was pathologically staged as P1, T2, N0.  What is the significance of pleural involvement?

Q4:
In the right lower corner is a photomicrograph of tissue section taken from the tumor.  What is your diagnosis?  Can you subtype this neoplasm?

Case 2 Answers
Figure a:
Sputum x40 (1.6) – adenocarcinoma

Figure b:
FNA left lower lobe lung – poorly differentiated adenocarcinoma x40 (1.6)

Figure c:
Left lower lobectomy – moderately well differentiated acinar adenocarcinoma.  P1 – visceral pleural invasion, T2 – tumor more than 3 cm in greatest diameter or tumor of any size that has invaded visceral pleura; N0 – no regional lymph node metastases.
Figure d:
Histology from above – acinar adenocarcinoma

The cytologic criteria for adenocarcinoma in sputum include: round to oval, lobulated vesicular nuclei with one or more prominent nucleoli, delicate vacuolated cytoplasm and arrangement of tumor cells in three dimensional clusters as well as singly.  The FNA diagnosis is poorly differentiated adenocarcinoma (it is from a different case).  The cytologic criteria include lobulated vesicular nuclei with prominent nucleoli, wispy vacuolated cytoplasm and cell arrangement in sheets and clusters, occasionally with acinar shapes.  The major differential diagnosis is metastatic adenocarcinoma.  P1 (visceral pleural involvement) in the TNM system makes the tumor T2 (...or tumor of any size which has invaded the visceral pleura…) and implies a poorer prognosis no matter how small the primary tumor.  The tumor is an acinar adenocarcinoma.  Other forms are papillary, solid and bronchiolo-alveolar.

Case 3

This 60 year old woman complained of a chronic mucus-producing cough.  Chest x-ray showed parenchymal consolidation suggestive of pneumonia.  She had no fever and was, other than the cough, asymptomatic.  No lesion was observed at bronchoscopy.

Q1:
A bronchial brush cytologic specimen was obtained from the left lower lobe (case 3, upper paragraph).  What are the cells in the upper and lower 1/3 of the photograph?  Can you make a diagnosis based on the cells in the middle 1/3 of the photograph?  If so, what is your diagnosis?
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Case 3 Questions continued:

Q2:
The bronchial brush diagnosis was unsuspected.  A CT scan was done (case 3, middle photograph).  What are the CT findings?

Q3:
The CT findings were supportive of the cytologic diagnosis.  The patient was reluctant to accept the diagnosis.  An open lung biopsy was done (case 3, lower photograph).  What is your diagnosis?  What are the criteria that you have used to arrive at this diagnosis?  What has caused the consolidation noted on CT scan?

Surgical removal of the tumor was not possible.

Case 3 Answers
Figure a:
Bronchial brush x40 (1) – bronchiolo-alveolar adenocarcinoma

Figure b:
Chest CT scan – peripheral consolidation.

Figure c:
Open lung biopsy x10 – secretory bronchiolo-alveolar adenocarcinoma.

The tumor is a secretory bronchiolo-alveolar adenocarcinoma.  The cells in the upper and lower 1/3’s of the photograph are normal bronchial epithelial cells.  The cells in the centre are from the tumor.  They are very little different from the normal cells – thus bronchiolo-alveolar adenocarcinoma can be underdiagnosed cytologically.  The CT scan shows bilateral consolidation.  The differential includes pneumonia.  The open lung biopsy shows a secretory bronchiolo-alveolar carcinoma.  Classically bronchiolo-alveolar carcinoma is composed of well differentiated gland cells supported by intact alveolar membranes.  Some tumors, like this one, secrete mucus (secretory).  Others do not (nonsecretory).  Much of the consolidation is probably due to mucus in alveoli.

Case 4

This 61 year old man was a heavy smoker.  He presented with cough, weight loss and general ill health.

Q1:
The upper photograph is of a cluster of cells found in his sputum.  What is your diagnosis? What are your differential diagnoses?

Case 4 Questions continued:

Q2:
There was a palpable lymph node in the left supraclavicular fossa which was aspirated (middle photograph).  What is your diagnosis and what are the criteria allowing you to make this diagnosis?

Q3:
Chemotherapy dramatically reduced the size of the lung mass.  Despite this good response to chemotherapy, the patient developed acute congestive cardiac failure and died abruptly.  What are the possible causes of his acute heart failure?

Q4:
The lower photography is of a tissue section taken at autopsy.  What is the tissue?  What is the abnormality?

Case 4 Answers

Figure a:
Sputum x40 (1.6) – small cell carcinoma.

Figure b:
FNA x40 (1.6) – small cell carcinoma.

Figure c:
Post mortem left ventricle section x40 – small cell carcinoma.

The tumor is small cell carcinoma.  The differential includes reserve cell hyperplasia and lymphocytes, both normal and neoplastic.  In sputum the tumor appears as small dark cells in non-cohesive or loosely cohesive clusters; nuclei are hyperchromatic, nucleoli are absent, cytoplasm is scant, nuclei mold around one another and crush artifact may be present.  Well preserved small cell carcinoma cells are two to three times the size of a lymphocyte, have “salt and pepper” chromatin with hyperchromatic variably sized and shaped nuclei, no (or inconspicuous) nucleoli and tend to mold about one another.  Crush artifact (strands of DNA) is usually present.  The tumor cells tend to be clustered together but are not usually cohesive.  Possible causes of heart failure include chemotherapy/radiation therapy toxicity as well as metastases.  The tissue section shows small cell carcinoma infiltrating left ventricle.

Case 5

This 55 year old man, while enjoying a glass with his friends at the Royal Canadian Legion, coughed up about a cup of blood.  On questioning, he has a short past history of hemoptysis.  A routine chest x-ray was interpreted as normal.  At bronchoscopy a vascular polypoid mass was identified in the mainstem bronchus.  Bronchoscopy was followed by brisk hemoptysis.  A pneumonectomy was done.

Q1:
The upper photograph is the lung.  The prosector is doing something rather stupid.  What is that?  What is the differential diagnosis of the intrabronchial lesion he is demonstrating?
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Case 5 Questions continued:

Q2:
The lower photograph is a tissue section taken from the tumor.  What is your diagnosis, the criteria you used in making that diagnosis and your differential?

Case 5 Answers

Figure a:
Pneumonectomy – bronchial ‘typical’ carcinoid (old photograph – note prosector not using universal precautions!)

Figure b:
Section from above – typical carcinoid.

The lesion is a typical carcinoid.  It classically presents with brisk hemoptysis.  It is a malignant tumor – a small percentage have hilar and mediastinal metastases.  The prosector is not wearing gloves – i.e. not following universal precautions.  The differential diagnosis includes foreign body as well as bronchogenic carcinoma.  The main histologic criterion is uniformity of the tumor cells.
