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Begg's funnel plot with pseudo 95% confidence limits
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Begg's funnel plot with pseudo 95% confidence limits

lo
g
[O

R
]

s.e. of: log[OR]
0 .5 1

-2

-1

0

1

2



�

NN�
�

����	������������
��������������	����

���*)�"0���'���� $�7'�%������"�7�'��%%�3��%�#����7�� ����� ��&"�&���#�� "�&"9��)���&&" �����#��

'."�A�7� �%�� '��&.�� #�� ,� J,;�,� L� ��� S-Z� �;N-0,;-PK� J��!���� ,8K:� �$.)�)��!)�)��)� ������  �%�

�)%� �"�%� �%�� %�!��<�&"��9�� J�`�;��-K� ��� � � ��� %�*� �� '"%� A� "9���� #�� ��"�%� #�� '�� �&"�����

J����7��,,K�J�`�;��K:��

��!���� ,8:� ��%+��%� �� "��<%� J�<<�&�� %�H�� ��K� ��� *)�"0��%+��� �� "��<� '����  $�7'�%������ "�7�
'��%%�3��%�#����7�� ����� ��&"�&���#�� "�&"9��)���&&" �����#��'."�A�7�

�

��� ��*���� #$)��#�%� )�"��� ��%�<<�%"��� '���� �)" �%��� #�%� *)�"0"�" A%�%� ��� #�%���!�"���  �%�

&"�&��%�#�� "�&"9��)���&&" �����#��'."�A�7�J	"� �"���K:�

85? ,�
�����#����	�����������	������������	

����	�����	����

��%��)%� �"�%�#��  "�*)�"0"�" A%��%����'�)%���)%�#"�%�  "� <�!����,�:�"�%�#��7�)��#�%�,�P;,--;�

"�&��� &"%� #�� &"�&��� #��  "�A�7� �$)�"��� ��%��9);� ,� "� #��&� )�)� "=���)� "�7� ��*���%� #�� &"%�

��%��9)%����"����#�%:���%�*)�"0���%����)!"�7�@�,;�S�J���S-Z�,;,�0,;-�K� ��%+��� ���)%� �"��

'���� ��%&����#$�7'�%������) �9)��#�� $)��#��#��/�%�"9%%������" :��,�)�"���&��%�#)�)����,;�-�J���

S-Z� ,;�-0,;�QK� "9�&� �)%� �"�� '����  �� %&���� #$�7'�%������ <"�� �:� ���%+���  �%� #��7� )��#�%�

�$"A"���'"%���%��9)�#��&"%�%�����7& ��%�#�%�"�" A%�%;� �%�*)�"0���%����%�*� "���%�JC�*)�"0���



�

NP�
�

�7'�%������) �9)��D�(�,;8��L����S-Z�,;,,0,;-��T�C�*)�"0����7'�%������<"�� ��D�(�,;�N�L����S-Z�

,;�N0,;-�K:� �$"�" A%�� '"�� &��&��%�"�&�� #$�7'�%������ "� *�%� ��� )9�#��&�� #�%� *)�"0���

%�!��<�&"��9�*����) �9)%�'����  �%� ��"9"�  ���%�#��  $��#�%�����#��  $" �*����*;�  �%� ��"9"�  ���%�

#�%�<��#����%���� "�&"�)!�����!���'"���#�9��%�%�&��&��%�"�&�%�#$�7'�%������J��!����,�K:������

 �%� &��&��%�"�&�%� #$�7'�%������ ��%�"���%;�  �%� *)�"0��� %���� %�')�����%� @� ,� *"�%� ����

%�!��<�&"��<%:� �$.)�)��!)�)��)� �%�� *�#)�)�� ��� '��&.�� #��  "� %�!��<�&"��9��):� ��� <���� � ' ���

J��!����,-K�*������ ���� "%A*)�����  )!3��� �����+���  �� ��%�� #���!!��� ��� %���� '"%� %�!��<�&"��<�

J�`�;8�K:�

��!���� ,�:� ��%+��%� �� "��<%� J�<<�&�� %�H�� ��K� ��� *)�"0��%+��� �� "��<� '����  $�7'�%������ "�7�
.A#��&"�����%�"��*"��+��%�'� A&A& �+��%���� ��&"�&���#�� "�A�7�

�

� �



�

NQ�
�

��!����,-:������ �' ���'���� $�7'�%������"�7�.A#��&"�����%�"��*"��+��%�'� A&A& �+��%���� ��
&"�&���#�� "�A�7�

�
�

����	������������
��������������	�����

���*)�"0���'����  $�7'�%������"�7��������  �� &"�&���#��  "� &"9��)���&&" �� ���#��'."�A�7��%��

%�!��<�&"��9�*���� "�!*���)� ��� 9"��� ,;,�� J��� S-Z� ,;��0,;�QK� J��!���� ,NK:� ��� *)�"0��� �%��

�"%)� ���+��*���� %���  �%� �)%� �"�%� #�%� )��#�%� #�� &�.����:� �$.)�)��!)�)��)� �%�� <����� ���

%�!��<�&"��9�� "9�&� ��� �a� '��&.�� #�� P�Z:� ��� <���� � ' ��� J����7�� ,�K� ��� '�)%����� '"%�

#$"%A*)�����J�`�;P8K:�

� �

Begg's funnel plot with pseudo 95% confidence limits
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Begg's funnel plot with pseudo 95% confidence limits
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�� �����#�� )!�*�%�L�*"�"W&."!�	 �,,�� �P� �8� ,;S�J,;�08;SK�
�����&� �����L�')'���3��%	 �,,� S� ,P� �;��J�;,0,;,K�
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� �9"!��#��9� "�  �%	 �,�/� 8� P� �;N�J�;,0�;QK�
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�)" �%"������������������#��' "��"����%�����*���" �%	 �,�1� ��� �S� ,;S�J,;,08;-K�
���9�&�%�"���7�%�@� $) �9"!�	 �,�� ,� 8� �;��J�;�0-;-K�
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�7��"&�����#��*����"�%�#��<��	 ,8,\� �� �� ,;,�J�;�0N;,K�
�7��"&�����#��*����"�%�#��*)�"�7�����<�����7	 ,8�\� �� 8� TTT�
�����%���#�%����%��7��"&��9�%	 ,�� ,P� �8� �;N�J�;80,;�K�
�7��"&�����#��'�����%�'���� "�&��%���&����	 ,�,�� P� P� ,;��J�;�0�;�K�
�7��"&�����#��&" &"������#�%���� ;�#��!A'%�����#��&�"��	 ,�,�� �� ,� TTT�
���#�&�����#��%"� �%����#��!�"�� "�%	 ,���� N� -� �;P�J�;�08;�K�
�7��"&�����#��*��)�"�7�'������#�%�����&.�*�+������#$��!�"�%��"���� %	 ,�8\� �� N� TTT�
���#�&�����#��%� 	 ,��\� �� 8� TTT�
�&��9��)%��7��"&��9�%��:&:":	 ,�-\� �� ,� TTT�
��#�%����%�" �*���"���%	 ,-� �-,� �N,� ,;8�J,;�0,;NK�
���#�&�����#��9�"�#�%�#�����&.����	 ,-,�� ��� 88� ,;-�J�;S0�;PK�
���#�&�����#��9�"�#�%�#��9� "�  �	 ,-,�� ,�� �� �;-�J�;N0,�;NK�
��)'"�"�������#�%����  ��#��'��#���%�@��"%��#��9�"�#�	 ,-,�� ,,� Q� ,;8�J�;�08;SK�
�."�&������	 ,-,�� ,�� ,N� �;P�J�;80�;�K�
��#�%�����#��'��%%��	 ,-�\� 8� -� �;S�J�;�0�;QK�
	�"�%<��*"��������&��%��9"�����#��'�**�%�#�������	 ,-8�� ,� �� TTT�
��)'"�"�����#��=�%�#��<����%���� )!�*�%	 ,-8�� �� �� �;��J�;,08-;-K�
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�"���&"�����#��*"�!"����	 ,-��� �� �� TTT�
�"���&"�����#�� "��� �+��#�����#��'��#���%�<�"�%	 ,--�� ,�� ��� �;N�J�;�0,;�K�
�"���&"�����#��������	 ,--1� ,� 8� ,;-�J�;,0,N;�K�
�"���&"�����#��<��*"!�%	 ,--�� ,�� ,-� ,;��J�;�0�;QK�
�"���&"�����#$"����%�'��#���%� "�����%	 ,--� P� Q� �;P�J�;�0�;8K�
�"���&"�����#��! "&�%����%�����%	 ,--�� �� �� �;Q�J�;�0,Q;,K�
��������	 ,-N�� N� P� �;N�J�;�0�;8K�
�����%�"&��9��)%�#����"9"� �#�%�!�"��%	 ,-N1� �� �� TTT�
�"���&"�����#��'��#���%�"*A "&)%	 ,-N� �� 8� TTT�
�"���&"�����#$" �*���%�'����"��*"�7�#��<��*�	 ,-P�� �� N� �;8�J�;�0�;-K�
�"���&"�����#$" �*���%�'����"��*"�7�#��&�*'"!���	 ,-P�� �� 8� TTT�
�"���&"�������#�%����  ��#��'"������#��'X��%%�����<�"W&.�	 ,-Q�� S� Q� �;,�J�;P0N;NK�
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���%%���#��'��#���%�#����� "�!����	 ,-Q1� �� ,� TTT�
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	�"�%<��*"�����#���.)����#��&"<)	 ,-Q�� �� N� �;N�J�;,0�;�K�
�"���&"�����#��&��#�*���%����"%%"�%����*���%	 ,-Q�� �� �� �;,�J�;�0�,;�K�
��#�%����%�" �*���"���%��:&:":	 ,-Q�� N� -� �;Q�J�;�08;PK�
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��#�%�����#�%��"�7�#���"� �	 ,-S�� �� �� �;��J�;�0�8;-K�
���#�&�����#�����%%��%��"<�"W&.�%%"���%	 ,-S	� �� ,� S;,�J�;-0,-�;,K�
��#�%�����#���"�"&	 ,N� �� ,� �;Q�J�;,0,8;QK�
��#�%�����#���"�"&	 ,N�\� �� ,� �;Q�J�;,0,8;QK�
��#�%�������7�� �	 ,P� -Q� P-� ,;��J�;P0,;NK�
�� "�����#�� $��#�%�����&������3��	 ,P,�� �� 8� �;��J�;80,�;�K�
�� "�����#�� $��#�%����� "���3��0&A& ��&"�#)	 ,P,�� ,� ,� 8;S�J�;�0S,;�K�
��)'"�"�����#�� "� "���	 ,P,�� ,� ,� �;��J�;�0

bSSS;SSSK�
�� "�����#�� $��#�%����� "���3��0&A& ��'��!�)	 ,P,�� �� ,� P;��J�;-0,�N;NK�
��)'"�"��������<� "�����#�� ��	 ,P,�� �� �� TTT�
�"���&"�����#��<� %�@�&��#��	 ,P,�� �� �� TTT�
��)'"�"��������<� "�����#$"����%�<����%	 ,P,�� �� ,� ,;Q�J�;�0,P;QK�
	�%%"!��#�� $��#�%�����&������3��	 ,P��� �� P� �;-�J�;,0�;-K�
	�%%"!��#�� $��#�%����� "���3��0&A& ��&"�#)	 ,P��� ,� �� TTT�
	�%%"!��#��%������%	 ,P�/� ,� ,� �;N�J�;�0S;NK�
	�%%"!��#$"����%���7�� �%	 ,P�4� 8� P� ,;N�J�;80Q;8K�
����� �%%�*������7�� �	 ,P8\� P� P� ,;��J�;80�;NK�
�"���&"�����#�� ��!��#��*"�%������#$"���& �%�#$"*��� �*���	 ,P��� �� 8� TTT�
�"���&"�����#$"����%�"���& �%�&��<�&�����)%������7�� �	 ,P��� �� -� �;S�J�;�0�;SK�
�"���&"�����#���"'�%����*�+�����%	 ,P-�� �� ,� TTT�
��&�  ����;�&��#����;�<"���&"�����#��<� ��%	 ,P-�� ,� �� �;N�J�;,0P;NK�
�"���&"�����#�����0��%%)%	 ,P-�� �� ,� TTT�
��#�%����%���7�� �%��:&:":	 ,P-/� �� 8� TTT�
�"���&"�����#���"%����&."�%%����%	 ,PP�� 8� P� �;-�J�;,0�;PK�
�"���&"�����#��'�  0�9��%����"���& �%�%�*� "���%	 ,PP�� 8� �� ,;-�J�;�0,�;-K�
��#�%�����#�� $."��  �*�������#�%�<�������%	 ,Q� ,S� ,-� ,;P�J�;Q08;PK�
�"���&"�����#��9>��*���%����&���	 ,Q,\� �� �� TTT�
�"���&"�����#��9>��*���%�%���*�%���	 ,Q��� �� �� TTT�
�"���&"�����#��9>��*���%�#��#�%%�%�'����.�**�%����!"�M�����%	 ,Q�� -� 8� �;S�J�;�0�;SK�
�"���&"�����#��9>��*���%�#��#�%%�%�'����<�**�%����<�  ����%	 ,Q��� ,� ,� ,;8�J�;,0�,;�K�
�"���&"�����#��9>��*���%�#��#�%%��%	 ,Q�/� 8� �� ,;8�J�;�0N;SK�
�"���&"�����#$"����%�9>��*���%����"&&�%%����%	 ,Q�4� 8� 8� ,;S�J�;80,,;�K�
��#�%�����#��&�������#�� "�&."�%%���	 ,S� 88� 8�� ,;-�J�;Q0�;QK�
�''�>������"��"!��#�%�&���%	 ,S,\� �� N� ,;��J�;�0N;,K�
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�"���&"�����#��&."�%%���%	 ,S8\� �8� �8� ,;��J�;N0�;-K�
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���" �#�"G��%�"�#��7���#��%� P�P� -� ,� �;Q�J�;80�N;NK� �� ,� �;��J�;�0��;SK�

���" �' "���%�"�#�&�"���%� P�Q� Q� Q� �;P�J�;�0�;-K� Q� Q� �;Q�J�;�0�;NK�

���" �'��&�%%��%���:�:&:� P�S� ��� ,�� 8;��J,;�0P;,K� ,Q� ,�� 8;,�J,;�0P;,K�

O��#����"���%� P8,� �� ,� �;��J�;,0�Q;QK� �� ,� �;��J�;�08�;-K�

�"GA��%�' AG��#�*"6��%�"�#�
�� "��#�G��#�'��&�%%��!�
G��6��%�

P8�� ,S� ,-� �;��J�;S0-;�K� ,P� ,-� �;,�J�;Q0-;�K�

�"'��%�'� '�'��'"���%� P88� ,� �� ,;��J�;�0��;�K� ,� �� ,;,�J�;�0��;PK�

�"'���*"6��%� P8�� -� S� ,;Q�J�;-0N;NK� -� S� �;��J�;-0P;8K�

���%.��%;�!���#��%�"�#�*�7��%� P�,� ,�� ,�� �;P�J�;�0�;,K� P� ,�� �;P�J�;�0�;,K�

���6��%;����%���%�"�#��� "��#�
.�"�0���"���%�

P��� -� �� �;��J�;�0,,;8K� -� �� �;��J�;�0,,;SK�

�� ����"�#�%�'"�"���%��'��"���%� P�8� �� 8� �;P�J�;,0�;SK� �� 8� �;Q�J�;,0-;NK�

���  �"�#���"&���%��'��"���%� P��� -� N� ,;,�J�;�0-;8K� -� N� ,;8�J�;80N;,K�

����� ��*0��<����!�G��6��%� P�-� �� 8� �;-�J�;,0-;�K� �� 8� �;N�J�;,0-;QK�

�.�*�&" �'��&�%%��%�"�#�
�� "��#�G��6��%��:�:&:�

P�S� -� 8� ,;S�J�;�0S;�K� -� 8� �;��J�;-0,�;�K�

������'��'"��%� P-,� �� �� TTT� �� �� TTT�

�'�����%�"�#�G��#��%� P-�� ,P� ,N� �;��J�;S0�;-K� ,N� ,N� ,;Q�J�;Q0�;8K�

O�"9��!�"�#�6������!0*"&.����
%�����%�

P-8� 8� P� �;P�J�;,08;8K� �� P� �;��J�;,0�;PK�

O�"9��%�"�#��� "��#�G��6��%� P-�� ,�� ,�� ,;8�J�;-08;SK� S� ,�� ,;��J�;-0�;,K�

5������%� P--� �� �� ,;N�J�;80Q;8K� 8� �� ,;��J�;�0N;NK�

1 �"&.��%�#A��%�"�#���7�� ��
'��#�&�0<���%.��%�

P-N� ,�� Q� ,;-�J�;-0�;NK� ,�� Q� ,;N�J�;-0-;,K�

�'�����%;�G�"9��%;�6������%;�
#A��%�"�#��� "��#�G��6��%�
�:�:&:�

P-S� �� �� ,;8�J�;,0,�;-K� ,� �� �;N�J�;�0,�;8K�

	"����%�"�#�<�  *��!��%� PN,� ,� �� �;P�J�;,0Q;PK� ,� �� �;S�J�;,0,�;,K�

�� ��#��%%��%� PN�� �� ,� ,;8�J�;,0�S;�K� �� ,� ,;-�J�;,088;QK�

/�"���*�  ��%�"�#��� "��#�
G��6��%�

PP,� 8� �� �;��J�;,0�;�K� �� �� �;��J�;,0�;-K�

��!"��'��&�%%��%�"�#���<����%� PP�� �� �� ,;��J�;,0,8;SK� �� �� ,;N�J�;�0,N;�K�

1��&.��%�"�#�*�"��'��'"���%� PP8� P8� -Q� ,;-�J,;�0�;�K� NP� -N� ,;-�J�;S0�;8K�

���#�'��%��9��%� PP�� P� �� �;Q�J�;N0,8;,K� P� �� �;S�J�;N0,8;PK�

"��A�'��#�&��'��&�%%��%� PP-� ,S� ,-� ,;P�J�;P0�;,K� ,P� ,-� ,;N�J�;N0�;�K�

1"6��%�'"%��A�&��6%�"�#�
&��<�&����"�A�*"6��%�

PPN� P�� PQ� ,;��J�;S0�;,K� NN� P-� ,;��J�;S0�;�K�

	�";�&�<<���"�#�&�&�"�'��'"���%� PPP� ,� �� �;��J�;�0Q;SK� ,� �� �;-�J�;�0,�;,K�

�����" �G"����"�#�<�����=��&��
G��6��%�

PPQ� ,�� P� �;N�J�;P0S;,K� S� P� �;8�J�;N0Q;-K�

���#�"�#���9��"!��
'��&�%%��%���:�:&:�

PPS� ,,� Q� ,;-�J�;-0�;NK� ,,� P� ,;S�J�;N0N;�K�

	��"&&��'��'"���%� PQ,� ,� �� TTT� � � �

��!"������*"6��%� PQ8� ,� �� TTT� ,� �� TTT�

	"� ��%�"�#�#��%%*"6��%�
J�7&�'��<��K�

PS,� �� 8� TTT� �� 8� TTT�

��  ����%�"�#�."��*"6��%� PS8� ,� �� TTT� ,� �� TTT�

�"������*"6��%�"�#�&�����%� PS�� -� 8� �;P�J�;�0,P;PK� -� 8� �;Q�J�;�0,P;SK�
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��G��%�"�#��*����#����%� PS-� ,� ,� ,;-�J�;�0��Q;8K� ,� ,� ,;P�J�;�0��Q;,K�

�'.� %�����%�"�#��� "��#�
G��6��%�

PSN� N� ,�� �;-�J�;,0,;QK� N� S� �;N�J�;�0,;SK�

	"� ��%;�#��%%*"6��%;�%�G��%;�
�'.� %�����%�"�#�
�� "��#������G��6��%��:�:&:�

PSS� ,� �� TTT� ,� �� TTT�

�.��*"6��%�"�#�%.�����'"����%� Q�,� 8� -� �;S�J�;,0-;NK� 8� -� ,;��J�;�0N;8K�

�.���&�����%;� "%���%;�%�G��%�
"�#��� "��#�G��6��%�

Q��� ,,� ,�� �;Q�J�;80�;�K� ,,� ,�� �;S�J�;80�;�K�

��"�.���!��#%�*"6��%� Q�8� -� N� ,;��J�;�0-;SK� -� -� ,;8�J�;80N;-K�

�"������*"6��%� Q,,� �P� ��� �;S�J�;-0,;PK� �P� 8Q� ,;��J�;N0,;SK�

O��#G��6��!0*"&.����
�'��"���%�

Q,�� ,Q� ,,� 8;��J,;80Q;�K� ,P� ,,� 8;��J,;80Q;�K�

�"������*"6��%�"�#��� "��#�
G��#G��6��%��:�:&:�

Q,S� �8� 8N� �;S�J�;-0,;PK� �,� 8�� �;S�J�;-0,;PK�

������&�����%�"�#�&"�9��%� Q��� N� Q� �;N�J�;�0�;�K� -� Q� �;N�J�;,0�;8K�

1 "&6%*��.�."**��%*��.%�"�#�
<��!��!0'��%%��'��"���%�

Q8,� ��� �,� �;S�J�;�0,;SK� �,� �,� �;S�J�;�0�;�K�

	�� *"6��%;�*��" �'"������
*"6��%�"�#�*��" �*"6��%�

Q8�� ��� �S� ,;S�J�;S08;SK� ��� �P� �;8�J,;,0�;SK�

�"&.������� �%�����0�'��"���%� Q88� 8,� -�� �;S�J�;-0,;-K� �P� -�� �;S�J�;-0,;NK�

�"&.������� ��'��"���%� Q8�� Q�� ,��� ,;��J�;S0,;QK� PQ� ,��� ,;8�J�;S0,;QK�

���" �!���#��%;�'� �%.��%�"�#�
��� �%."�'����%�

Q8-� �,� �,� �;Q�J�;�0,;PK� ��� ��� �;S�J�;�0�;�K�

1 "&6%*��.%���� *"6��%�"�#�
*"&.���0��� ��'��"���%��:�:&:�

Q8S� -N� P,� ,;,�J�;P0,;QK� -�� P,� ,;,�J�;P0,;QK�

�"&.����A�<�����%�"�#�*"&.����
"%%�*� ��%�

Q�,� NN� ,,P� �;S�J�;N0,;�K� N8� ,,N� ,;��J�;N0,;�K�

O"�&.�& �&6�"�#�'��&�%����
��%���*����*"6��%�

Q��� S� ,Q� ,;8�J�;-08;NK� S� ,N� ,;-�J�;-0�;,K�

������9�&.�& ��*�&."��&%� Q�8� ,,Q� ,88� ,;,�J�;Q0,;-K� ,�Q� ,8�� ,;,�J�;Q0,;NK�

���&�"<����!����*�&."��&%� Q��� -� ,P� ,;��J�;808;QK� -� ,N� ,;,�J�;80�;�K�

�"&.����A�<�����%�*"&.����
"%%�*� ��%�"�#�'��&�%����
��%���*����*"6��%�J�7&�'��
� �&���&" K��:�:&:�

Q�S� ,,Q� ��S� �;Q�J�;N0,;�K� ,�N� ��8� �;P�J�;-0,;�K�

� �&���&" �<�����%� Q-,� �P� N-� �;Q�J�;-0,;�K� �P� N�� �;S�J�;-0,;NK�

� �&�����&�<�����%� Q-�� �-� �Q� �;Q�J�;�0,;NK� ��� �P� �;S�J�;-0,;QK�

� �&���&" �"�#�� �&�����&�
�+��'*����"%%�*� ��%�

Q-8� ,N� �,� �;8�J�;S0-;-K� ,8� ��� �;-�J,;�0N;�K�

�"#���"�#��� �9�%������'"��*��� Q-�� ,�� ,-� ,;��J�;�0�;8K� S� ,-� ,;-�J�;-0�;PK�

� �&���&" �G���*��� Q--� QS� ,8�� ,;��J�;P0,;-K� Q�� ,�8� ,;,�J�;P0,;-K�

	� �'.����"�#��� �!�"'.�
��%�"  ��%�

Q-N� ,�� �-� �;-�J�;�0,;�K� ,,� �-� �;N�J�;�0,;8K�

� �&���&� ���*���"�#�&"� ��
=������%�

Q-P� ��� �S� ,;-�J�;Q08;�K� �,� �P� ,;N�J�;Q08;�K�

� �&���&" �<�����%�"�#��� "��#�
� �&���&" �"�#�
� �&�����&%����G��6��%��:�:&:�

Q-S� �� ,�� �;P�J�;,08;,K� �� ,�� �;P�J�;�08;�K�

1��"#&"%���!�%�"������'��"���%� QN,� �� �� TTT� �� �� TTT�

����#��+��'*�����'��"���%�
"�#�&���*"�'��=�&�����%�%�

QN�� 8� -� ,;,�J�;,0Q;�K� 8� -� ,;,�J�;�0Q;�K�

� �*���%�"�#�'�'��<�����%� QP,� SP� Q,� ,;8�J�;S0�;�K� QP� Q,� ,;8�J�;S0�;�K�

O� #��%�"�#�< "*�0&�����%� QP�� ,�S� P,� ,;S�J,;80�;QK� ,��� P,� ,;S�J,;80�;SK�

�.���0*��" �G��6��%� QP8� P8� QS� ,;��J�;Q0,;SK� P�� QQ� ,;8�J�;S0�;�K�

����&���" �*��" �'��'"���%�"�#�
���&���%�

QP�� -,� 8�� �;,�J,;�08;PK� �Q� �S� �;8�J,;80�;�K�

4�G�  "�A�"�#�'��&���%�*��" �
G��6��%�

QQ�� �� �� �;N�J�;,0N;8K� �� �� �;N�J�;,0N;-K�

/ "%%�<��*��%;�&�����%;�!���#��%�
"�#�<���%.��%�

QS,� -� ,�� �;��J�;,0,;8K� -� ,�� �;��J�;,0,;�K�
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1 �&6%;��� �%;�'�����%�"�#�
�� "��#�& "A�"�#�"��"%�9��
<��*��%�

QS�� 8� -� ,;��J�;�0Q;,K� 8� -� ,;8�J�;�0Q;QK�

/ "%%�"�#�&��"*�&%�6� �*��� QS8� ,� �� �;S�J�;,0,�;NK� ,� �� �;S�J�;,0,�;NK�

/ "%%�"�#�&��"*�&%�'"�����%�
"�#�#�&��"���%�

QS-� �� ,� �;-�J�;,0,,,;8K� �� ,� �;S�J�;,0,��;�K�

/ "%%�<��*��%;�'�����%�"�#�
�� "��#�G��6��%��:�:&:�

QSS� 8� �� ,;��J�;,0,�;�K� 8� �� ,;8�J�;,0,,;,K�

�������"�#�' "%��&�'��#�&��
*"6��%�J�7&�'�������*"6��%�
"�#������9� &"��%��%K�

S�,� 8N� �8� �;��J,;�08;SK� 8�� ��� �;��J,;�08;SK�

	����*"6��%�"�#�9� &"��%��%� S��� S� ,�� ,;,�J�;808;8K� Q� ,,� ,;,�J�;808;-K�

�"'���"�#�'"'����"�#�
'��#�&�%�*"6��%�

S,�� Q� -� ,;S�J�;-0P;QK� P� -� ,;P�J�;�0P;-K�

��*'�%����%�"�#��A'�%�����%� S�,� -� ,P� �;N�J�;�0�;�K� -� ,P� �;N�J�;�0�;�K�

�������!�'��%%*��� S��� ,Q� �S� �;N�J�;80,;�K� ,P� �S� �;N�J�;80,;8K�

�������A'��%�"�#�� �&����A'��%� S�8� ,� �� ,;,�J�;�0�Q;,K� ,� �� ,;��J�;�08�;SK�

�������!���!�"9��%�J�7&�'��
'.���0��!�"9��%K�

S��� �� ,� 8;S�J�;80-�;-K� �� ,� �;N�J�;80N�;QK�

�.���0��!�"9��%� S�-� �� 8� ,;8�J�;,0,�;�K� �� 8� ,;-�J�;,0,N;-K�

1��6���#��%�"�#��� "��#�
G��6��%�

S�N� �� -� ,;,�J�;�0-;PK� �� -� ,;��J�;�0N;�K�

�.���!�"'.�&�#"�6���*�
G��6��%�

S�P� -� ,�� �;P�J�;,08;�K� -� ,�� �;P�J�;�08;8K�

�������%�"�#��� "��#�
G��6��%���:�:&:�

S�S� �� �� ,;��J�;�0P;�K� �� �� ,;8�J�;�0P;PK�

�"�����%�&��%���&����� S8,� Q�� -P� ,;��J�;S0�;,K� NS� -N� ,;��J�;S0�;�K�

�"�����%���:�:&:� S8S� 8N� 8,� ,;��J�;-0,;SK� 8�� 8�� ,;,�J�;N0�;�K�

��%�&" ���%���*���%�*"6��%�
"�#������%�

S�,� ,� �� TTT� ,� �� TTT�

1"%6���A�G�"9��%�"�#����%.�
*"6��%�

S��� �� 8� TTT� �� 8� TTT�

���0*��"  �&�*����" �'��#�&��
*"6��%�

S�8� -� �� �;N�J�;,08;�K� -� �� �;P�J�;,08;NK�

��.���'��#�&�����"�#��� "��#�
G��6��%��:�:&:�

S�S� 8-� -S� �;S�J�;-0,;NK� 8,� -P� �;S�J�;-0,;NK�

1��&6 "A��%;�%����*"%��%�"�#�
�� ��%�����%�

S-,� NP� �8� ,;S�J,;,08;�K� N�� �8� ,;S�J,;,08;,K�

����<��&�#0&��&�����%;�&�*����
<���%.��%�"�#�����"HH��G��6��%�

S-�� �N� �S� ,;P�J,;�08;,K� ��� �Q� ,;Q�J,;�08;8K�

���<��%� S-8� �P� ,-� �;N�J,;�0-;QK� ��� ,�� �;��J�;S0-;�K�

�"�'�����%�=�����%�"�#�
'"�+����A�G��6��%�

S-�� S�� S�� ,;N�J,;,0�;8K� QS� S�� ,;P�J,;,0�;-K�

� "%�����%� S--� 8�� ,N� �;��J,;�0�;QK� �8� ,�� �;��J,;�0-;,K�

��%� "���%� S-N� ,S� P� ,;N�J�;-0�;NK� ,P� P� ,;N�J�;-0�;SK�

/ "H���%� S-P� -� P� �;-�J�;,0,;SK� �� P� �;-�J�;,0�;�K�

���%���&�����G��6��%���:�:&:� S-S� ,QQ� ,��� ,;-�J,;,0�;�K� ,N�� ,8Q� ,;��J,;�0,;SK�

��G��0!����"���!�*"&.����A�
�'��"���%�

SN,� 8� P� �;S�J�;�0-;�K� 8� P� ,;,�J�;�0-;QK�

��"����"�A���!����"�#��� "��#�
�+��'*�����'��"���%��:�:&:�

SNS� ,-� ,P� �;S�J�;�0�;�K� ,8� ,P� ,;��J�;�0�;8K�

�&6��%�"�#�<���!.��."�# ��%� SP,� ,NN� ,-�� ,;��J�;Q0,;�K� ,-P� ,-�� ,;��J�;Q0,;�K�

��!!��%�"�#�&"� ��%' �&��%� SP�� �� �� TTT� �� �� TTT�

��"���"�#�.��%���'��"���%� SP8� ��� ,�� ,;-�J�;P08;�K� �,� ,�� ,;8�J�;N08;�K�

�"��.�*�9��!�"�#��� "��#�
*"&.����A��'��"���%�

SP�� --� �Q� ,;��J�;Q0�;8K� �P� �P� ,;��J�;Q0�;8K�

�"����" 0."�# ��!��+��'*����
�'��"���%��:�:&:�

SPS� NP� �Q� ,;Q�J,;,0�;SK� N�� �N� ,;S�J,;�08;�K�

�.�'%�#�&6��"���!%;��"�!��&��G%�
"�#���"�*���

SQ,� ,Q� ��� �;-�J�;�0,;,K� ,N� �,� �;-�J�;�0,;,K�

��!���0���*��"���!%� SQ�� -� P� �;Q�J�;�08;�K� -� P� ,;��J�;808;�K�
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�"� G"A���!����#��9��%�"�#�
<���*���
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ORIGINAL ARTICLE

Occupational Exposures and Cancer of the Larynx—Systematic
Review and Meta-analysis

Sophie Paget-Bailly, MS, Diane Cyr, MS, and Danièle Luce, PhD

Objective: To review epidemiologic data on occupational exposures and

laryngeal cancer. Methods: We performed a systematic literature search and

a series of meta-analyses for agents with at least 10 available studies with

homogenous exposure. Results: We analyzed 99 publications. Significantly

increased meta-relative risks (meta-RRs) were obtained considering exposure

to polycyclic aromatic hydrocarbons (meta-RR 1.29; 95% confidence interval

[CI] 1.10 to 1.52), engine exhaust (meta-RR 1.17; 95% CI 1.05 to 1.30), textile

dust (meta-RR 1.41; 95% CI 1.09 to 1.83), and working in the rubber industry

(meta-RR 1.39; 95% CI 1.13 to 1.71). Exposures to wood dust, formaldehyde,

and cement dust were not significantly associated with laryngeal cancer. In

regards of the epidemiologic available data, we could not conclude on the role

of solvents. Conclusion: Further studies should overcome past limitations in

terms of exposure characterization, adjustment for confounding, and sample

size.

C ancer of the larynx is a relatively low-incidence disease, with
around 150,000 new cases in the world in 2008.1 Although its

incidence seems low worldwide, there are some differences across
countries, Central and Eastern Europe countries as well as Mediter-
ranean countries experiencing higher incidence rates.1 The two ma-
jor recognized risk factors are alcohol and tobacco consumption.
Their joint effect seems to be multiplicative or even greater than
multiplicative and could explain almost 90% of the cases.2 Low con-
sumption of fruits and vegetables also seems to be associated.3 In
spite of these risk factors, a part of the burden of laryngeal can-
cer remains unexplained and could plausibly be due to occupational
exposures, in particular to known pulmonary carcinogens or car-
cinogens already linked to other localizations of upper aerodigestive
tract cancers. In addition, it has been suggested that occupational
exposures could explain the social inequalities observed for laryn-
geal cancer.4 Among occupational exposures, a few are admitted
risk factors such as asbestos5 and sulfuric acid,6 while the effect of
some are controversial issues or not identified yet. The aim of this
article was to review epidemiologic data on occupational exposures
and cancer of the larynx.

METHODS
A systematic literature search was performed in the PubMed

database using the following keywords: “cancer, laryngeal, lar-
ynx, occupation, occupational exposure.” Additional search was
performed using “metal working fluids (MWF), rubber industry,
formaldehyde, wood dust, textile dust, man-made vitreous fibers
(MMVF), cement dust, polycyclic aromatic hydrocarbons (PAHs),
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engine exhaust, diesel, solvent,” which are agents that have been
linked to this cancer in the first literature search and which are not yet
established risk factors. This additional search allowed us to retrieve
occupational cohort studies, which reported results on laryngeal can-
cer but did not mention this site in the abstract. We searched for
relevant epidemiologic articles published between 1980 and 2010,
in French and in English. We also checked the lists of references to
identify additional candidate studies. Established occupational risk
factors will not be detailed in the present article.

We performed a series of meta-analyses to provide quanti-
tative pooled estimates of the relative risk, considering agents for
which at least ten studies were available. We calculated a meta-RR
and its 95% confidence interval (CI) using the Der Simonian and
Laird model,7 which is a random-effect model, taking into account
the between-study heterogeneity. Forest plots were used to present
results graphically. Heterogeneity across studies was quantified by
computing the I2, which describes the percentage of total variation
across studies that is due to heterogeneity rather than due to chance.8

We pooled standardized mortality ratios (SMRs), standardized in-
cidence ratios (SIRs), odds ratios (ORs) and relative risks (RRs),
assuming that those different effect estimates represent the relative
risk. We checked for overlapping studies and considered the more
recently published up-to-date studies. Meta-analyses were restricted
to dichotomous indices of exposure (ever/never). In four studies, the
“ever exposed” category was not available and impossible to infer
from the reported data. For these studies, we used the extreme cate-
gories (low and high) of the exposure score and combined each in turn
with the “ever” category from the other studies. We then calculated
two relative risks, a “low exposure meta-RR,” and a “high expo-
sure meta-RR.” To make the studies comparable, and when it was
possible, we aggregated data for men and women when analyzed sep-
arately in the original study. We also performed analyses according to
study design and different exposure circumstances. Publication bias
was studied using funnel plots and the Egger test.9 All analyses were
performed using the STATA software (STATA Corp Stata Statistical
Software: Release 10, College Station, TX: StataCorp LP, 2007).

RESULTS
We analyzed 99 publications: 30 from case-control stud-

ies (Table 1 from supplemental digital content, http://links.
lww.com/JOM/A78, which describes the case-control studies) and
65 from cohort studies and four record-linkage studies (see ta-
bles 2 and 3 from supplemental digital content, http://links.lww.
com/JOM/A78, which describe the cohort and record-linkage stud-
ies). Table 1 summarizes the results from the different meta-analyses.

Polycyclic Aromatic Hydrocarbons
Polycyclic aromatic hydrocarbons (PAHs) are a class of chem-

icals including hundreds of compounds and occupational exposures
to these chemicals involve several industries and occupations such
as aluminum production, carbon products manufacturing, paving
and roofing, coal tar distillation, coke gasification, iron and steel
foundries, chimney sweeps, and wood impregnation.

Case-Control Studies
Seven European case-control studies10–16 dealt with exposure

to PAHs and cancer of the larynx. Gustavsson et al15 found a relative
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TABLE 1. Results From the Meta-Analyses on Exposures to Different Agents and Cancer of the Larynx

Agent Meta-RR (CI 95%) Number of Studies P for Heterogeneity I2
P for Egger Test

PAHs (high)* 1.29 (1.10–1.52) 29 0.102 26% 0.30

PAHs (low)* 1.25 (1.05–1.48) 29 0.063 30.4% 0.27

Engine exhaust (high)* 1.17 (1.05–1.30) 16 0.184 23.9% 0.89

Engine exhaust (low)* 1.18 (1.06–1.32) 16 0.185 23.7% 0.75

Wood dust (high)* 0.95 (0.80–1.14) 22 0.006 48.8% 0.08

Wood dust (low)* 0.95 (0.81–1.12) 22 0.033 38.9% 0.82

Textile dust (high)* 1.41 (1.09–1.83) 14 0.106 33.6% 0.13

Textile dust (low)* 1.30 (1.01–1.67) 14 0.102 34.1% 0.15

Rubber industry 1.39 (1.13–1.71) 14 0.297 14.3% 0.39

Formaldehyde (high)* 1.13 (0.98–1.31) 11 0.855 0% 0.22

Formaldehyde (low)* 1.12 (0.97–1.29) 11 0.853 0% 0.32

Cement dust 1.11 (0.90–1.38) 12 0.081 39% 0.58

*High exposure meta-RR or low exposure meta-RR (see text).

risk of 1.47 (95% IC 0.96 to 2.24) for subjects exposed to a high
cumulative dose of PAHs; this risk was doubled compared with sub-
jects exposed to a low cumulative dose (RR: 0.77; 95% CI 0.46 to
1.28). In an international study12 on cancers of the larynx and the
hypopharynx, no association with exposure to PAHs was observed.
Elci et al14 found a significantly increased OR (1.3; 95% CI 1.1 to
1.6) for people exposed to PAHs and diesel exhaust but an OR lower
than one (0.8; 95% CI 0.6 to 1.1) for people exposed to PAHs only.
Nevertheless, when authors considered exposures to PAHs only and
different cancer sublocalizations and different levels of exposure,
several ORs were significantly increased, and a positive and signifi-
cant dose–response pattern with exposure intensity was observed for
supraglottic cancer (P = 0.001). Another study11 found significantly
increased ORs for people ever exposed (OR 2.3; 95% CI 1.1 to 5.2)
and for people with a long duration of exposure (OR 3.8; 95% CI
1.3 to 11.1). The three other studies10,13,16 had a small sample size
or inadequate definitions of exposure, making it difficult to draw
conclusions from their results.

Cohort Studies
We reviewed five cohort studies of aluminum industry

workers.17–21 Romundstad et al19 and Gibbs et al17 both analyzed
pooled data, from six and three plants, respectively. An SIR of 1.3
(95% CI 0.8 to 1.9) was found in the Norwegian study.19 In the Cana-
dian study17 the SIR was 1.32 (95% CI 1.01 to 1.70). Although the
trend was not statistically significant, a slight dose–response rela-
tionship with cumulative exposure to benzo[a]pyrene was suggested
in one of the three plants from the Gibbs et al study.17 In another
Canadian cohort, Spinelli et al21 found an SIR of around one (SIR
0.97; 95% CI 0.27 to 2.49). An SIR of 0.76 (95% CI 0.25 to 2.37)
was observed in a cohort of Australian prebake aluminum smelters.20

Moulin et al18 found an SMR of 1.1 (95% CI 0.5 to 2.3) in a French
aluminum reduction plant.

The three cohorts of carbon electrode workers22–24 showed
inconsistent results and were all based on low numbers of observed
cases. An SIR of 10.00 (95% CI 0.25 to 55.64) was observed in a
Swedish cohort study,23 whereas an SMR of 0.79 (95% CI 0.21 to
2.02) was found in one Italian cohort study22 and an SMR of 1.32
(95% CI 0.43 to 3.07) was found in another Italian cohort study.24

Several studies on coal tar and related products were available,
concerning asphalt workers, roofers, coal tar distillation, and cre-
osote use. Cohort studies of roofers and asphalt workers25–27 showed
SIRs and SMRs above one. Hansen et al26 found an SIR of 4.35 (95%
CI 0.90 to 12.71) in a cohort of men exposed to bitumen fumes. In a
study on roofers and tar distillery workers,27 an SMR of 1.36 (95%

CI 0.02 to 7.95) was found for roofers, on the basis of only one
observed case; no case was observed in distillery workers. In the
meta-analysis, we grouped the results for roofers and tar distillery
workers from this study. In the study by Boffetta et al,25 which is a
multicentric study, the SMR for bitumen workers was 1.34 (95% CI
0.82 to 2.07). No case of laryngeal cancer was observed in a French
cohort of coal tar distillery workers.28 Considering workers exposed
to creosote, Wong et al29 found an SMR of 1.64 (95% CI 0.02 to
5.92) on the basis of two observed cases.

Cohort studies on foundry workers30–33 all showed non–
statistically significant SIRs and SMRs ranging from 1.29 to 1.47
(Fig. 1).

A high but non–statistically significant SMR (3.29; 95% CI
0.88 to 8.42) was observed in a cohort of coke oven workers.34 In
the two available studies on carbon black manufacturing, Sorahan et
al35 found an SMR of 2.18 (95% CI 0.26 to 7.86), whereas no case
was observed in a German study.36 Straif et al37 studied exposure to
carbon black in a cohort of rubber workers; they found a high and
significantly increased hazard rate ratio of 5.3 (95% CI 1.3 to 21.4)
for laryngeal cancer on the basis of four cases.

Evanoff et al38 studied a cohort of chimney sweeps and ob-
served an SIR of 1.41 (95% CI 0.38 to 3.62).

A meta-analysis was performed, taking into account study
design and exposure circumstances. In two studies,28,36 no case was
observed for cancer of the larynx, thus leading to SMRs or SIRs equal
to zero. To include these studies in the meta-analysis, we computed
new SMRs by adding one to both the observed and expected number
of cases.39 The resulting meta-RRs were 1.29 (95% CI 1.10 to 1.52)
(Fig. 1), considering the high exposure result from the study of
Gustavsson et al,15 and 1.25 (95% CI 1.05 to 1.48), considering
the low exposure result. When we excluded the two studies with no
observed case, the meta-RRs were almost the same (meta-RR “high”
1.30; 95% IC 1.11 to 1.54) (meta-RR “low” 1.26; 95% CI 1.06 to
1.50). Analysis by study design showed meta-RRs of 1.21(95% CI
0.80 to 1.84) for the case-control studies with the high exposure result
from Gustavsson et al15 (meta-RR “low” 1.06 95% CI 0.71 to 1.60)
and of 1.34 (95% CI 1.16 to 1.56) for the cohort studies. Analysis
by exposure circumstances showed meta-RRs of 1.22 (95% CI 1.00
to 1.49) for aluminum industry workers, 1.33 (95% CI 0.52 to 3.38)
for people working in carbon electrode manufactures, 1.51 (95% CI
0.84 to 2.73) for coal tar and related products workers, and 1.41 (95%
CI 1.05 to 1.90) for foundry workers. Other exposure circumstances
could not be studied separately because too few studies were available
for meta-analysis. They were analyzed together, yielding a meta-RR
of 2.42 (95% CI 1.29 to 4.52).
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FIGURE 1. Meta-analysis of available studies assessing laryngeal cancer among workers exposed to polycyclic aromatic hydro-
carbons. Relative risk estimates (effect size [ES] and 95% confidence interval [CI]) by study, study design, exposure circum-
stances, and overall (P value from Egger’s test for publication bias = 0.30).

Diesel and Gasoline Exhaust
Six case-control studies,14,40–44 seven cohort studies,45–51 and

two record-linkage studies from Sweden52 and Canada53 considered
exposure to engine exhaust and laryngeal cancer. Three main types of
exposures are considered in the published studies: diesel and gasoline
exhaust considered together (engine exhaust), diesel exhaust, and
gasoline exhaust.

Diesel and Gasoline Exhaust
Seven studies considered exposure to diesel and gasoline

exhaust grouped together.40,44–46,48,50,53 An American case-control
study40 found an OR of 1.69 (95% CI 0.75 to 3.83) for drivers and
an OR of 1.50 (95% CI 1.00 to 2.26) for people ever exposed to

engine exhaust; the dose–response analysis on exposure to engine
exhaust failed to show any clear pattern. In their case-control study,
Zheng et al44 observed an OR of 1.0 (95% CI 0.6 to 1.7) for sub-
jects ever exposed to diesel, gasoline, or kerosene. An SIR of 0.77
(95% CI 0.26 to 1.76) was found in a cohort of Swiss professional
drivers,46 and an SMR of 1.08 (95% CI 0.43 to 2.22) was observed
in an Italian cohort study on taxi drivers.45 Soll-Johanning et al50

found an increased SIR of 1.4 (95% CI 1.0 to 1.9) for urban bus
drivers and tramway employees, but this SIR decreased to 1.0 (95%
CI 0.7 to 1.3) when the considered reference population was the city
(vs the national reference population). They also observed an inverse
dose–response relationship with time since first employment. In a
Canadian record-linkage study,53 a significantly increased RR was
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observed for truck drivers (1.59; 95% CI 1.08 to 2.33). Recently, Pe-
tersen et al48 observed an SIR of 0.9 (95% CI 0.4 to 1.7) for Danish
bus drivers.

Diesel Exhaust
Among the case-control studies considering exposure to diesel

engine exhaust,14,41–43,54 the Turkish study14 showed significantly in-
creased risks with an OR of 1.5 (95% CI 1.3 to 1.9) for people
ever exposed and similar ORs when laryngeal subsites were con-
sidered separately. In dose–response analyses, significant positive
trends were found for supraglottic cancer according to probability
(P < 0.001) and intensity (P < 0.001) of exposure, but a significant
negative trend was found for glottic cancer and intensity of exposure
(P = 0.029). Destefani et al41 observed an OR of 0.8 (95% CI 0.4
to 1.4) for people ever exposed to diesel exhaust. The OR was 1.4
(95% CI 0.7 to 2.8) for people exposed for 20 years or more. An
OR of 1.18 (95% CI 0.83 to 1.69) was observed in the study from
Shangina et al54 The two other case-control studies42,43 found ORs
close to the null value.

A Swedish cohort study of construction workers exposed to
diesel exhaust49 showed a risk ratio of 1.2 (95% CI 0.9 to 1.7),
whereas an SMR of 0.72 (95% CI 0.34 to 1.32) was observed in a US
cohort study on heavy construction equipment workers with potential
exposure to diesel exhaust.51 Hansen et al47 observed an SMR of
1.40 (95% CI 0.29 to 4.10) in a cohort of truck drivers exposed to
diesel exhaust. A large record-linkage study from Sweden52 found
a slightly increased SIR of 1.09 (95% CI 1.01 to 1.17) among men
exposed to diesel exhaust, but with no clear pattern when considering
probability or intensity of exposure; the SIR observed for women was
also elevated, but non–statistically significant (2.39; 95% CI 0.78 to
5.57), because of the lower number of observed cases. In the meta-
analysis, we combined results for men and women in a single SIR.

Gasoline Exhaust
Two case-control studies considered gasoline exhaust expo-

sure and laryngeal cancer. Destefani et al41 found an OR slightly
lower than one (0.9; 95% CI 0.6 to 1.8); Elci et al14 found signifi-
cantly increased ORs for cancer of the larynx (1.6; 95% CI 1.3 to
2.0), and also for the sublocalizations (supraglottic cancer: 1.5; 95%
CI 1.1 to 2.0/glottic cancer: 1.8; 95% CI 1.3 to 2.5) and a positive
and significant trend with intensity of exposure (P < 0.001) for all
laryngeal cancers.

In the meta-analysis, we first considered results on exposure
to diesel exhaust (ie, with or without gasoline exhaust, depending
on the available data) (Fig. 2). The meta-RR for case-control studies
was 1.28 (95% CI 1.08 to 1.51) when the high exposure result from
the study of Wortley et al43 was used; the meta-RR was 1.35 (95%
CI 1.17 to 1.55) with the low exposure result. The meta-RR for the
cohort studies was 1.10 (95% CI 1.02 to 1.17). The overall meta-RR
was 1.17 (95% CI 1.05 to 1.30) when the high exposure result was
used, it was 1.18 (95% CI 1.06 to 1.32) with the low exposure result.

We also considered results on exposure to diesel exhaust ex-
clusively, using the results from nine studies where the information
was available. The overall meta-RR was 1.16 (95% CI 1.01 to 1.33)
when the high exposure result was used (I2 = 39.4%; P value from
Egger’s test for publication bias = 0.88); it was 1.18 (95% CI 1.02
to 1.37) (I2 = 39.4%; P value from Egger’s test for publication
bias = 0.70) with the low exposure result.

Wood Dust

Case-Control Studies
Eighteen case-control studies, conducted in

Europe,10,12,15,16,54–58 in the United States,40,43,59–62 in Uruguay,41

in China,44 and in New Zealand,63 studied the association between
exposure to wood dust and laryngeal cancer. Among these studies,

five addressed specifically exposure to wood dust.57–59,61,63 Results
were clearly inconsistent across studies. Three studies showed
significantly increased ORs.12,57,58 Pollan et al57 studied laryngeal
cancer risk for woodworkers. A significant fivefold increased
risk (OR: 5.35; 95% CI 1.24 to 23.09) was found for furniture
workers and a twofold increased risk (OR: 2.69; 95% CI 0.94 to
7.67) was found for woodworkers in general. Moreover, significant
positive trends were observed for these two groups when “years
of exposure,” “age at first exposure,” and “years elapsed since
quitting this occupation” were considered. However, coexposures
to other carcinogenic agents such as chemical compounds used in
the finishing and varnishing processes surely happened, making
interpretation difficult. A European study12 showed a significantly
increased OR (1.7; 95% CI 1.2 to 2.6) for men older than 55 exposed
to wood dust, but ORs were lower than one for men younger than
55 (in the meta-analysis, we chose to include the result for men
younger than 55 since occupational histories were more detailed
for these subjects). Recently, Ramroth et al58 found significantly
increased ORs for workers exposed to wood dust, using a “substance
check list” method to assess exposures and taking into account the
type of wood (all wood dust OR: 2.1; 95% CI 1.2 to 3.9; hard wood
OR: 2.6; 95% CI 1.3 to 5.2; soft wood OR: 2.2; 95% CI 1.1 to
4.2); they also used a job-specific questionnaire approach to assess
exposures and obtained lower ORs (all wood dust OR: 1.4; 95%
CI 0.8 to 2.5; hard wood OR: 1.2; 95% CI 0.6 to 2.5; soft wood
OR: 1.5; 95% CI 0.8 to 2.8). Jayaprakash et al59 found positive
but non–statistically significant trends when studying frequency
and cumulative exposure. In spite of these positive results, most
studies showed neither a clear pattern of dose–response relationship
nor consistently increased risks.10,12,15,16,41,43,54–56,61,63 The meta-RR
for the case-control studies was 1.05 (95% CI 0.85 to 1.30) when
including the result from the high cumulative exposure category
from Jayaprakash et al.59 The meta-RR was 0.99 (95% CI 0.81
to 1.21) when including the result from the moderate exposure
category.

Cohort Studies
Results from cohort studies49,64,65 of workers exposed to wood

dust and from a Finnish record-linkage study66 showed SMRs and
SIRs globally lower than one or close to the null value. In a pooled
reanalysis of five cohorts of wood workers,64 the SMR for all wood
workers was 0.7 (95% CI 0.4 to 1.0); analyses by probability of
exposure showed inconsistent results. In an Estonian cohort of fur-
niture workers,65 the SIR was 0.67 (95% CI 0.27 to 1.38). An RR
of 0.8 (95% CI 0.5 to 1.5) was observed in a cohort of construction
workers exposed to wood dust.49 In a Finnish record-linkage study,66

the risk of laryngeal cancer decreased with cumulative exposure to
wood dust among men but not among women. It has been reported
that woodworkers smoke less because smoking is prohibited in some
workplaces due to the fire hazard.67 The decreased risk of laryngeal
cancer observed in cohorts of woodworkers could be due to a combi-
nation of negative confounding by smoking and the healthy worker
effect. The meta-RR for cohort studies was significantly decreased,
(0.73; 95% CI 0.61 to 0.87) when including the high cumulative ex-
posure category result from the record-linkage study by Laakkonen
et al,66 whereas it was decreased, but non–statistically significant
with the low exposure result (0.91; 95% CI 0.74 to 1.13).

As shown in Figure 3, the meta-RR was slightly lower than
one (0.95; 95% CI 0.80 to 1.14) when we integrated results for the
high exposure category (59, 66); when we included results for the
low exposure category, the meta-RR was unchanged (0.95; 95% CI
0.81 to 1.12). A moderate heterogeneity was observed across studies
since the global I2 was 48.8%. The P value from the Egger test was
borderline significant (P = 0.08) but the funnel plot (not shown) did
not reveal an obvious publication bias.
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FIGURE 2. Meta-analysis of available studies assessing laryngeal cancer among workers exposed to engine exhaust. Relative
risk estimates (effect size [ES] and 95% confidence interval [CI]) by study, study design, and overall (P value from Egger’s test for
publication bias = 0.89).

Textile Dust

Case-Control Studies
Case-control studies in which the association between

working in the textile industry and laryngeal cancer was
analyzed10,41,43,68,69 all showed ORs higher than one, ranging from
two to eight. An American study69 showed a significantly increased
OR of 5.6 (95% CI 1.4 to 29.1) for textile processors involved in
separating, filtering and drying textiles with a duration of work of
at least five years. The OR was 4.2 (95% CI 1.0 to 22.4) for all
textile processors, who had worked at least 5 years. Ahrens et al10

also found an increased OR (8.19; 95% CI 1.49 to 45.03) when they
considered textile and leather workers grouped together. Recently, a
Turkish study68 showed a twofold increased risk for laryngeal cancer
among textile workers (OR: 1.9; 95% CI 1.2 to 3.3) and an increased
OR of 2.6 (95% CI 1.4 to 4.8) when supraglottic cancers specifically
were considered in the analyses.

Results from case-control studies dealing with exposure to
textile dust itself were less striking although they all presented ORs
higher than one.15,40,55,56,70 In another paper from the Turkish study,55

exposure to cotton dust was studied; significantly increased ORs were
found for laryngeal cancer in subjects in the high exposure category
(1.7; 95% CI 1.1 to 2.9) and for supraglottic cancer in people ever

exposed (1.6; 95% CI 1.1 to 2.5). A significant dose-response rela-
tionship for supraglottic cancer (P = 0.028) was also observed when
exposure intensity was considered. Laforest et al56 found an OR of
1.22 (95% CI 0.61 to 2.43) and their results suggested some slight,
non–statistically significant, dose–response relationships when con-
sidering probability of exposure and cumulative exposure.

The meta-RR for the case-control studies was 1.63 (95% CI
1.13 to 2.34). It is noteworthy that results seemed different depend-
ing on the exposure characterization. Indeed, we performed a meta-
analysis (forest plot not shown) with results from case-control stud-
ies, taking into account how exposure was characterized (job in the
textile industry versus exposure to textile dust itself), and found that
working in the textile industry presented a higher meta-RR (3.20;
95% CI 1.72 to 5.98) than being exposed to textile dust itself (1.25;
95% CI 0.93 to 1.69). Results from the Egger test (P value = 0.05)
and from the funnel plot (not shown) revealed a possible publication
bias.

Cohort Studies
A Polish cohort study found an increased number of deaths

from laryngeal cancer among male workers in a cotton plant, with
an SMR of 1.88 (95% CI 1.11 to 2.97).71 The mortality was
also significantly higher among men with more than 20 years of
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FIGURE 3. Meta-analysis of available studies assessing laryngeal cancer among wood workers. Relative risk estimates (effect
size [ES] and 95% confidence interval [CI]) by study, study design, and overall (P value from Egger’s test for publication bias =
0.08).

employment, with an SMR of 2.54 (95% CI 1.42 to 4.19). A Finnish
record-linkage study66 showed SIRs of 1.83 (95% CI 0.59 to 4.26)
and of 3.71 (95% CI 0.77 to 10.8) for men and women, respectively,
with a high cumulative exposure. Kuzmickiene et al72 observed an
SIR of 1.20 (95% CI 0.55 to 2.28) in a Lithuanian cohort of textile
manufacturing workers. In an Italian cohort of cotton mill workers,
Mastrangelo et al73 found an SMR of 1.41 (95% CI 0.45 to 3.29).
In a Canadian cohort study74 on synthetic textile workers, the SMR
was 0.73 (95% CI 0.33 to 1.38) for men, and no case was observed
in women. In the meta-analysis, we combined these two results. A
Chinese cohort study75 on women in the textile industry found an
SIR of 0.75 (95% CI 0.39 to 1.31). The meta-RR for cohort studies
was slightly increased (1.23; 95% CI 0.84 to 1.82) when the high
exposure result from the Finnish record-linkage66 was used. When
we included the low exposure result from this study, the meta-RR
decreased (1.06; 95% CI 0.76 to 1.49).

The overall meta-RRs were 1.41(95% IC 1.09 to 1.83) and
1.30(95% IC 1.01 to 1.67) considering respectively the high and the
low cumulative exposure results from the study of Laakkonen et al66

(Fig. 4). The funnel plot suggested a publication bias although this
bias was not confirmed by the result of the Egger test (P value =

0.133).

Rubber Industry
Working in the rubber industry involves complex and vari-

able exposures, which depend on processing, work area, and period
of time. Rubber industry workers are potentially exposed to aromatic
amines, PAH, nitrosamines, solvents including benzene, rubber pro-
cess dusts, rubber fumes, carbon black, asbestos, and talc.

Case-Control Studies
Two US case-control studies60,62 analyzed the relation between

working in the rubber industry and occurrence of laryngeal cancer.
Zagraniski et al62 found an OR of 2.0 (95% CI 0.7 to 6.1) for men who
have ever worked in the rubber products industry, whereas Muscat et
al60 showed an RR of 6.4 (95% CI 0.8 to 7.9) for men who declared
having ever been exposed to rubber. In both studies, the number of
exposed subjects was relatively low.

Cohort Studies
Most of the cohort studies76–85 showed SIRs and SMRs higher

than one, ranging from 1.15 to 2.1, while SMRs lower than one were
observed in only two studies.86,87 The number of observed cases was
usually low. Sathiakumar et al79 observed an SMR of 1.15 (95% CI
0.67 to 1.85) for the whole cohort of workers from styrene-butadiene
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FIGURE 4. Meta-analysis of available studies assessing laryngeal cancer among textile workers. Relative risk estimates (effect
size [ES] and 95% confidence interval [CI]) by study, study design, and overall (P value from Egger’s test for publication bias =

0.13).

rubber plants. When analyses were performed on subcohorts, they
found an SMR of 2.08 (95% CI 1.00 to 3.82) for production work-
ers. In a German study,84 the authors found a significantly increased
SIR of 3.30 (95% CI 1.07 to 7.69) for men who have worked at
the preparation of materials for more than ten years. A significantly
increased SIR was also found for milling workers (5.44; 95% CI
1.12 to 15.91) in a Swedish cohort study85; milling is one process in
materials preparation. Two studies37,88 concerned specific exposures
within the rubber industry. Straif et al37 studied the effect of expo-
sures to nitrosamines, carbon black, asbestos, and talc, and found
significantly increased hazard rate ratios for workers highly exposed
to talc (5.4; 95% CI 1.1 to 27.0) and for workers ever exposed to
carbon black (5.3; 95% IC 1.3 to 21.4). The hazard rate ratios for
workers exposed to asbestos were 2.3 (95% CI 0.5 to 10.2) for the
medium exposure category and 4.7 (95% CI 0.5 to 42.8) for the
high exposure category. A recent study, dealing with exposure to
inhalable aerosol and aromatic amines,88 showed surprising results,
finding an inverse dose–response trend (P = 0.03) with cumulative
exposure to inhalable aerosol.

The meta-analysis of data on working in the rubber industry
and laryngeal cancer showed a significantly increased meta-RR of
1.39 (95% CI 1.13 to 1.71) (Fig. 5).

Formaldehyde

Case-Control Studies
Six case-control studies dealt with exposure to formaldehyde

and occurrence of laryngeal cancer.12,14,15,43,54,56 Findings from the
study by Wortley et al43 showed an OR of 1.3 (95% CI 0.5 to 3.3) for
the most exposed workers. Berrino et al12 found an OR of 1.3 (95%
CI 0.8 to 2.0) for any exposure to formaldehyde and an OR of 1.7
(95% CI 0.9 to 3.3) for workers exposed for more than 10 years since
more than 20 years, but they considered laryngeal cancer combined
with cancer of the hypopharynx. No clear dose–response pattern was
observed when they considered probability and duration of exposure.
An OR of 1.45 (95% CI 0.83 to 2.51) was found in a Swedish
study.15 Shangina et al54 observed an OR of 1.68 (95% CI 0.85
to 3.31). Globally, results were inconsistent, and some conflicting
dose-response patterns were observed.14,56 When we included the
high exposure result from Wortley et al,43 the meta-RR for the case-
control studies was 1.15 (95% CI 0.97 to 1.36). This meta-RR was
almost the same (1.13; 95% CI 0.96 to 1.34) when we included the
low exposure result from Wortley et al.43 The P values for the Egger
test were 0.03 (high exposure) and 0.09 (low exposure), so we cannot
rule out a possible publication bias.
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FIGURE 5. Meta-analysis of available studies assessing laryngeal cancer among workers in the rubber industry. Relative risk esti-
mates (effect size [ES] and 95% confidence interval [CI)]) by study, study design, and overall (P value from Egger’s test for publi-
cation bias = 0.39).

Cohort Studies
Most of the results from cohort studies89–93 showed SMRs and

SIRs lower than one or very close to the null value.89–91,93 Coggon
et al90 observed an SMR of 1.56 (95% CI 0.63 to 3.22) for workers
in the high exposure category (exposure greater than 2 ppm). In a
cohort of workers exposed to formaldehyde in the metal industry, the
SMR was 1.51 (95% CI 0.85 to 2.50).92 The meta-RR for the cohort
studies was slightly increased and non–statistically significant (1.11;
95% IC 0.84 to 1.44).

The meta-analysis of the 11 studies showed a meta-RR of 1.13
(95% CI 0.98 to 1.31) when we included the high exposure result
from the study by Wortley et al43 (Fig. 6). The meta-RR remained
almost the same with the low exposure result 1.12 (95% CI 0.97 to
1.29).

Cement Dust

Case-Control Studies
Six case-control studies considered exposure to cement dust

and laryngeal cancer.16,41,54,70,94,95 Most of them showed results with
ORs of around one and non–statistically significant, or used method-
ology that had important limitations. Olsen et al70 found a very high
and significant OR of 17.3 (95% CI 3.3 to 36) for workers from con-
crete and cement manufacturing. However coexposure to asbestos
may have occurred among these workers. Moreover, the OR for ex-

posure to cement was lower than one (0.9; 95% CI 0.6 to 1.3). In a
German study,95 results suggested an association, thus a significant
OR of 2.04 (95% CI 1.16 to 3.56) was found when exposure was
assessed by a job specific questionnaire and a dose–response was
suggested when considering cumulative working hours. However,
this relationship disappeared when analysis was adjusted for social
status. The meta-RR for the case-control studies was 1.23 (95% CI
0.83 to 1.80). The heterogeneity between results seemed to be high
since the I2 was almost 70%.

Cohort Studies
Most cohort studies involved construction or cement produc-

tion. We focused mainly on cohort studies of cement production
workers because construction workers have multiple coexposures,
which makes it difficult to disentangle the role of cement dust
exposure itself. Results from cohort studies49,96–100 were globally
non–statistically significant. Purdue et al49 observed a slight dose–
response relationship: The risk ratio was 0.9 (95% CI 0.5 to 1.4) for
people with moderate exposure, while the risk ratio was 1.3 (95% CI
0.6 to 2.7) for the high exposure category. The meta-RR for cohort
studies was close to one (1.07; 95% CI 0.85 to 1.34).

The overall meta-RR (Fig. 7), based on 12 studies, was
slightly, but not statistically significantly, increased (1.11; 95% CI
0.90 to 1.38).
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FIGURE 6. Meta-analysis of available studies assessing laryngeal cancer among workers exposed to formaldehyde. Relative risk
estimates (effect size [ES] and 95% confidence interval [CI]) by study, study design, and overall (P value from Egger’s test for
publication bias = 0.35).

Man-made Vitreous Fibers
Man-made vitreous fibers (MMVF) are a category of particles

including mainly mineral wools (rock wool, glass wool, and slag
wool) and ceramic refractory fibers. Globally, these fibers have the
same physical properties as asbestos.

Lipworth et al101 recently published a meta-analysis on occu-
pational exposure to rock wool and glass wool and risk of cancers of
the lung and the head and neck. They computed a significantly in-
creased meta-RR of 1.33 (95% CI 1.08 to 1.64) for exposure to glass
wool and laryngeal cancer but found no dose–risk relationship. In
a case-control study, not included in the meta-analysis by Lipworth
et al,101 Gustavsson et al15 found an OR lower than one (OR: 0.71;
95% CI 0.34 to 1.50) for workers exposed to MMVF.

Solvents
Organic solvents are a chemical category including a wide va-

riety of compounds: halogenated hydrocarbons, among them chlori-
nated solvents (such as trichloroethylene [TCE] and perchlorethylene
[PCE]), aliphatic and alicyclic hydrocarbons, and aromatic mono-
cyclic hydrocarbons. They are widely used in industry and their char-
acterization varies according to the different studies. We chose not
to perform a meta-analysis since less than 10 studies were available
for the exposure category “all solvents,” and since one meta-analysis
on TCE102 and one review on PCE103 were already published. The
results of these two reviews are presented next.

All Solvents
Several studies considered exposure to “all

solvents.”10,12,14,41,49,54,70,104,105 In a European case-control study12

on laryngeal and hypopharyngeal cancers, a job-exposure matrix
approach was used to assess exposures. Results from this study
suggested an association, but only in men aged less than 55. Among
these men, a highly increased and significant OR of 2.5 (95% CI
1.5 to 4.2) was found for men with a probable exposure, and a
significant positive trend for duration of exposure was observed
(P < 0.05). When only cases of cancer of the endolarynx were
considered, the OR for men with probable exposure was 2.8 (95%
CI 1.5 to 5.1). However, such results were not observed for men
aged 55 or more. On the other hand, in a Turkish study14 where
an exposure matrix was also used, the ORs were almost all lower
than one, considering intensity and probability of exposure and
sublocalizations. The other case-control studies10,41,54,70 showed
ORs close to the null value. In two cohorts of aircraft maintenance
and manufacturing workers where exposure to mixed solvents
occurred,104,105 SMRs from both studies were lower than one and
not statistically significant. Purdue et al49 found a risk ratio of 0.9
(95% CI 0.6 to 1.4) in a cohort of construction workers exposed to
organic solvents.

Trichlorethylene
Trichloroethylene and PCE are two chlorinated solvents,

which are widely used, especially in the dry cleaning industry. Data
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FIGURE 7. Meta-analysis of available studies assessing laryngeal cancer among workers exposed to cement dust. Relative risk
estimates (effect size [ES] and 95% confidence interval [CI]) by study, study design, and overall (P value from Egger’s test for
publication bias = 0.58).

on exposure to TCE and cancer were reviewed in 2000 by Warten-
berg et al.102 They divided the cohort studies into three groups on the
basis of the specificity of the exposure information and computed
average relative risks for each group. In the first group, studies in
which TCE exposure was best characterized, the average relative risk
for mortality was 1.2 (95% CI 0.6 to 2.2), whereas only one study
was available for incidence, with an SIR of 1.4 (95% CI 0.4 to 5.0).
The two other groups included only mortality studies. In the second
group, studies in which there was a putative exposure to TCE but
exposure to other solvent or agents could have occurred, the average
relative risk was 1.2 (95% CI 0.7 to 2.0). In the third group, cohorts
of dry cleaners and laundry workers, the average relative risk was
1.6 (95% CI 0.7 to 3.5). Three studies, published after this review,
were identified. In a Danish cohort study including more than 340
companies with documented use of TCE, Raaschou-Nielsen et al106

found SMRs of 1.2 (95% CI 0.87 to 1.52) and 1.7 (95% CI 0.33 to
4.82), respectively, for men and women exposed to TCE. In a cohort
of rocket engine testing facility workers,107 the SMR for men with
potential exposure to TCE was 1.45 (95% CI 0.18 to 5.25). Chang et
al108 studied cancer incidence among workers potentially exposed to
TCE, PCE, and other chlorinated solvents in an electronic factory.
They did not observe any case of laryngeal cancer. In a multicen-
tric case-control study, Shangina et al54 observed an increased OR
of 2.18 (95% CI 1.03 to 4.61) when they considered exposure to
chlorinated solvents.

Perchloroethylene
The risk of cancer linked to PCE exposure has been reviewed

in 2003 by Mundt et al.103 They concluded that the available evidence
was not adequate to draw firm conclusions regarding an association
between PCE exposure and laryngeal cancer. More recently, Pukkala
et al109 found an SIR of 1.3 (95% CI 0.82 to 1.99) for cancer of the
larynx among female launderers whereas the risk was close to the
null value among men.

Metal Working Fluids
Metal working fluids include a large variety of oils used in

industry, mainly to cool or lubricate metals. These can be catego-
rized into four classes: (i) straight oils, which are insoluble; (ii)
soluble oils; (iii) synthetics fluids; (iii) semisynthetic fluids, which
are hybrids of soluble oils; and (iv) synthetic fluids. There is a wide
complexity and variability of the composition of these oils, because
of the different applications and also to the different additives and
byproducts. Moreover, composition of the mixtures has evolved over
time. Agents present in these fluids are suspected or recognized
carcinogens: PAHs, nitrosamines, chlorinated paraffins, long chain
aliphatics, sulphur, N-phenyl-2-naphthylamine, and formaldehyde.

Available studies on exposure to MWF and laryngeal cancer
have been reviewed in several publications.110–112 Authors of these
reviews all came to the same conclusion: epidemiologic data sug-
gest that laryngeal cancer is associated to exposure to MWF and
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especially to exposure to straight oils. Indeed, several studies have
found such associations and the largest cohort study that included
an exposure assessment observed a dose–response trend, especially
with straights oils.112 Moreover, Tolbert et al112 underlined the fact
that this association has strong biological plausibility because of the
similarity of the squamous epithelium of the larynx to skin, for which
evidence of an association with MWF seems clear, and to the fact
that this organ is directly exposed to aerosolized droplets.

We found other studies not included in the past reviews or pub-
lished more recently: three case-control studies,41,113,114 one cohort
study on uranium processing workers,115 and one case-cohort study
among automotive workers.116 In a French case-control study113 on
laryngeal and hypopharyngeal cancers, a significantly increased OR
(1.9; 95% CI 1.0 to 3.3) was found for men working in the manufac-
turing of metal products. However, the OR (0.8; 95% CI 0.4 to 1.7)
was slightly lower than one for men working as metal processors. An
OR of 0.9 (95% CI 0.3 to 3.8) was observed for male metal workers
in a Uruguayan case-control study on laryngeal cancer,41 but when
authors considered cancer sublocalizations, they found a high, sig-
nificantly increased OR of 6.5 (95% CI 1.1 to 38.9) for glottic cancer
in metal workers. A case-control study based on death certificates114

brought conflicting results when considering two different reference
groups. Ritz et al115 studied cancer mortality among workers exposed
to different agents during uranium processing. When they consid-
ered exposure to MWF and laryngeal cancer, they found relative
risks higher than one and evidence of increasing risks with increas-
ing duration of exposure. For light and moderate exposure during 2
years or more, the RR was 4.49 (95% CI 0.52 to 38.6) and it was 36.1
(95% CI 3.57 to 365) for heavy exposure. However, their analyses
were based on very few cases. A recent case-cohort study,116 using
data from a cohort of US automobile workers, showed results sup-
porting the hypothesis of an association between exposure to straight
oils and laryngeal cancer. The risk of laryngeal cancer increased with
cumulative exposure to straight MWF, with an 8% excess risk per 5
mg/m3/y (OR 1.08; 95% CI 1.03 to 1.14).

Other Agents and Jobs
Increased risks of laryngeal cancer have been shown in re-

lation to other agents. Two case-control studies from Turkey55 and
Brazil,117 showed increased ORs and significant dose–response pat-
terns with exposure to silica. Results from cohort studies on workers
exposed to silica are difficult to interpret because of the likelihood
of multiple coexposures. Exposure to coal dust has also been linked
to laryngeal cancer in several studies.44,54,56

In addition to jobs clearly linked to exposure to agents previ-
ously reviewed, some occupations have been linked to cancer of
the larynx, such as restaurants, bars and hotels workers,62,109,118

who are probably exposed to passive smoking, hairdressers,109,119

butchers,41,120 and food and beverage workers.109

DISCUSSION
Our results provide some evidence of an association between

cancer of the larynx and PAHs, engine exhaust, the textile industry
and the rubber industry. A significantly increased meta-RR (1.29;
95% CI 1.10 to 1.52) was found for subjects exposed to PAHs,
with comparable results irrespective of the study design. When we
considered the different exposure circumstances, a significantly in-
creased meta-RR was found for foundry workers (1.41; 95% CI 1.05
to 1.90). Several PAHs, as well as occupational activities involving
exposure to PAHs, are definite or probable lung carcinogens121 and
could be associated with cancers in other sites of the respiratory tract.
A significant but moderate association was observed between expo-
sure to engine exhaust and laryngeal cancer (meta-RR 1.17; 95%
CI 1.05 to 1.30). Results were comparable between case-control
studies and cohort studies. The meta-RR remained similar when we
took into account studies considering only exposure to diesel ex-

haust (meta-RR 1.16; 95% CI 1.01 to 1.33). Exposure to engine
exhaust involves exposures to a complex mixture of agents. Among
these agents, several are suspected or recognized carcinogens, such
as PAHs, benzene, sulfur, and chromium. Thus, exposure to engine
exhaust could plausibly be associated with laryngeal cancer. Results
from the meta-analysis suggest an association between exposure to
textile dust and laryngeal cancer since the meta-RR was significantly
increased (1.41; 95% CI 1.09 to 1.83). However, the presence of a
publication bias is possible, especially for the results from the case-
control studies. When we took into account in the meta-analysis the
way the exposure was characterized in the case-control studies, we
observed a difference. Indeed, working in the textile industry pre-
sented a higher meta-RR (3.20; 95% CI 1.72 to 5.98) than being
exposed to textile dust itself (meta-RR 1.25; 95% CI 0.93 to 1.69).
This might be explained by the fact that workers of the textile in-
dustry are indeed exposed to textile dust but also to other potentially
carcinogenic agents, such as dyeing or bleaching compounds. A sig-
nificantly increased meta-RR was also found for people working in
the rubber industry (meta-RR 1.39; 95% CI 1.13 to 1.71). Cohort
and case-control studies yielded similar results although only two
case-control studies were available. Working in the rubber industry
involves exposures to numerous agents (aromatic amines, PAHs, ni-
trosamines, solvents including benzene, rubber process dusts, rubber
fumes, carbon black, asbestos, and talc). An International Agency
for Research on Cancer working group considered that there was
sufficient evidence for carcinogenicity for humans.122 Recently, the
International Agency for Research on Cancer identified laryngeal
cancer as a tumor site for which there is limited evidence of an
association with working in the rubber-manufacturing industry.6

The available data present evidence that suggests an associa-
tion for agents for which we did not perform meta-analysis: MWF
and MMVF. Regarding exposure to MMVF, although results from
a recent meta-analysis101 suggested an association with a signifi-
cantly increased meta-RR of 1.3, the few available data do not allow
to conclude. Still, MMVF having physical characteristics similar
to asbestos,123 a carcinogenic role of these fibers on larynx appears
likely. More epidemiologic data are needed, especially on the MMVF
end-users, who have not been studied much yet. Regarding exposure
to MWF, there is much evidence of an association between straight
and soluble oils and cancer of the larynx, especially for straight
oils, which show a clear dose–response pattern with both cumu-
lative exposure and intensity of exposure. The conclusions of two
reviews111,112 are supported by findings from a more recent Amer-
ican case-cohort study.116 Moreover, there is biological plausibility
for the carcinogenic action of mineral oils on the larynx.112 However,
the strength of these results on MWF is somewhat diminished by the
fact that they are mostly based on the one cohort of autoworkers.
These results need to be confirmed by further studies, conducted in
other countries and in other industrial sectors.

Exposure to solvents includes a wide variety of compounds
and the nature and characterization of exposures vary across the dif-
ferent studies. For exposure to “all solvents,” although some studies
reported increased ORs, results do not seem to suggest an associa-
tion. Elevated risks associated with some specific solvents such as
PCE and TCE were observed in a number of studies, but the small
number of studies with homogenous exposure did not allow us to
perform meta-analysis.

Finally, the available epidemiologic studies and the results of
the meta-analyses do not support the hypothesis of an association
between laryngeal cancer and exposure to wood dust (meta-RR 0.95;
95% CI 0.80 to 1.14), cement dust (meta-RR 1.11; 95% CI 0.90 to
1.38), or formaldehyde (meta RR 1.13; 95% CI 0.98 to 1.31).

Overall, we were not able to draw firm conclusions regard-
ing the association between occupational factors and cancer of the
larynx. This may be due in part to the design of the studies avail-
able for meta-analysis. In most of the studies, the small sample size
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limits the statistical power to detect moderate increases in risk. This is
particularly true for cohort studies, often conducted in low incidence
countries. Another shortcoming of most cohort studies is the lack of
data on potential confounding factors such as alcohol and tobacco
consumption, the two major risk factors for cancer of the larynx.
More detailed information on potential confounders is collected in
case-control studies and risk estimates are almost always adjusted
on alcohol and tobacco consumption. However, data on exposure
is sometimes less complete in case-control studies than in cohort
studies. In spite of these differences in study designs, the reported
results were similar, except for those concerning work in the rubber
industry. In most of the reviewed studies, detailed exposure assess-
ment, both quantitative and qualitative, is often missing, and risk
estimates by duration or level of exposure are not quantified. Thus,
evaluation of dose–response patterns was not possible in our meta-
analyses. We chose to review studies published from 1980 onward.
This restriction could have led to a loss of information. However,
because laryngeal cancer is a long-latency disease, the exposures
considered in the studies published before 1980 probably occurred
mainly before the 1960s. Since industrial processes are in constant
evolution, the exposures considered in those papers may not reflect
current exposure circumstances. Lastly, a reporting bias could have
occurred since many occupational cohort studies did not report risk
estimates for laryngeal cancer. For example, we compared the num-
ber of cohort studies on occupational exposure to PAHs reporting
data on laryngeal cancer with the number of those reporting data on
lung cancer.124 We found that approximately twice as many cohort
studies gave results on lung cancer than gave results on laryngeal
cancer.

To conclude, the possible role of PAHs, engine exhaust, work
in the rubber and textile industries, solvents, MWF, and MMVF, in
the risk of laryngeal cancer needs to be further investigated. Future
studies should try to provide more details on exposure, include proper
adjustment for confounding and extend their sample size.
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Received: 22 February 2011 / Accepted: 4 July 2011

Ó Springer-Verlag 2011

Abstract

Purpose The role of occupational risk factors in oral and

pharyngeal cancer is not well known and is possibly

underestimated. This quantitative review summarizes epi-

demiological findings on exposure to asbestos, polycyclic

aromatic hydrocarbons and solvents, and cancers of the

oral cavity and pharynx.

Methods A systematic literature search was performed.

We analyzed 63 publications: 8 from case–control studies

and 55 from cohort studies. For agents with at least five

available studies with homogenous exposure, a series of

meta-analyses was conducted to provide quantitative

pooled estimates of risks, using random effect models.

Results Exposure to asbestos (meta-RR 1.25; 95% CI

1.10–1.42) and to polycyclic aromatic hydrocarbons (meta-

RR 1.14; 95% CI 1.02–1.28) was found to be associated

with oral and pharyngeal cancer risk. On the other hand, no

association was found with exposure to solvents in general

(meta-RR 0.98; 95% CI 0.77–1.23) but the strong hetero-

geneity between studies suggested differences in expo-

sures. The small number of studies with homogeneous

exposure did not allow meta-analyses for specific solvents.

Conclusions Future investigations should overcome

common weaknesses of past studies, in terms of sample

size, characterization of exposure, and classification of

cancer sites.

Keywords Pharyngeal cancer � Oral cancer �

Occupational exposure � Review � Meta-analysis

Introduction

Cancers of the oral cavity (OC) and pharynx are the eighth

most frequent cancers worldwide, with 482,000 new cases

in 2008 (Ferlay et al. 2010). The two major recognized risk

factors for head and neck cancers are alcohol and tobacco

consumption and their joint effect seems to be multipli-

cative or even greater than multiplicative (Hashibe et al.

2009). In spite of these established risk factors, part of the

etiology of oral and pharyngeal cancer remains unex-

plained. Recent estimates of population attributable risks

indicate that tobacco and alcohol accounted for 64% of oral

cancer cases and 72% of pharyngeal cancer cases (Hashibe

et al. 2009). This points to the need to clarify the role of

other known or suspected risk factors. Consumption of

fruits and vegetables and diet diversity has been inversely

associated with oral and pharyngeal cancers (Levi et al.

1998). The role of infection by human papilloma virus

(HPV) has been highlighted, especially for oropharyngeal

cancers (D’Souza et al. 2007). The role of occupational

factors in oral and pharyngeal cancer is not considered as

important but may have been underestimated. Indeed,

several studies have reported associations between occu-

pation or occupational exposures and these cancers. In

addition, occupational exposures could explain, at least

partly, the large social inequalities observed for these
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cancers (Conway et al. 2010), as it has been suggested for

laryngeal cancer (Menvielle et al. 2004). The aim of this

paper was to review epidemiologic data on occupational

exposures to asbestos, polycyclic aromatic hydrocarbons

and solvents, and cancers of the OC, oropharynx (OP), and

hypopharynx (HP), in order to update the current state of

knowledge and to identify leads for future research.

Methods

A systematic literature search was performed in the Pub-

Med database using the following keywords: ‘‘cancer, oral,

pharyngeal, pharynx, hypopharyngeal, hypopharynx, oro-

pharyngeal, oropharynx, occupation, occupational expo-

sure.’’ Additional searches were performed using

‘‘asbestos, rubber industry, formaldehyde, wood dust, tex-

tile dust, man-made vitreous fibers (MMVF), cement dust,

polycyclic aromatic hydrocarbons (PAHs), engine exhaust,

diesel, solvent, inorganic solvent, silica,’’ which are the

agents that have been linked to these cancers in the first

literature search. This additional search allowed to retrieve

occupational cohort studies that reported results on cancer

of the oral cavity (OC) and pharynx but did not mention

these sites in the abstract. For the present paper, we focused

on exposures to asbestos, PAHs and solvents, for which the

most data were available. Concerning cancer of the phar-

ynx, we considered data on oropharynx (OP) and hypo-

pharynx (HP) when it was available. In the absence of data

on these two specific cancer sites, we considered pharyn-

geal cancer as a whole. We searched for relevant epide-

miologic papers published between 1980 and 2010, in

French and in English. We also checked the lists of ref-

erences to identify additional candidate studies.

We performed a series of meta-analyses to provide

quantitative pooled estimates of the relative risk, consid-

ering agents for which at least five studies with homo-

geneous exposure were available. We calculated a meta-

RR and its 95% confidence interval using the Der Si-

monian and Laird model (DerSimonian and Laird 1986),

which is a random effect model, taking into account the

between-study heterogeneity. Forest plots were used to

present results graphically. Heterogeneity across studies

was quantified by computing the I2, which describes the

percentage of total variation across studies that is due to

heterogeneity rather than chance (Higgins et al. 2003).

We pooled SMRs, ORs, and RRs, assuming that those

different effect estimates represent the relative risk. We

checked for overlapping studies and considered the more

recently published updates. Meta-analyses were restricted

to dichotomic indices of exposure (ever/never), and

results were reported as a meta-RR. In three case–control

studies (Berrino et al. 2003; Coble et al. 2003; Gustavsson

et al. 1998), the ‘‘ever exposed’’ category was not avail-

able and impossible to infer from the reported data. For

these three studies, we used the extreme categories (low

and high, possible, and probable) of the exposure score

and combined each in turn with the ‘‘ever’’ category from

the other studies. We then calculated two relative risks, a

‘‘low exposure meta-RR’’ and a ‘‘high exposure meta-

RR.’’ We studied cancers of the OC and pharynx sepa-

rately as well as grouped together. When we studied

cancer of the OC and pharynx grouped together, only data

considering both cancer localisations were included in the

meta-analysis, i.e., results from case–control studies

studying these cancers separately were not included in

this analysis. In order to make the studies comparable,

and when it was possible, we aggregated the data for men

and women when analyzed separately in the original

study. We did the same for cancer sites (OC and pharynx)

where possible. In a small number of cases (Huebner

et al. 1992; Merletti et al. 1991), ORs were given without

confidence intervals and those results could not be

included in the meta-analysis. We also performed analy-

ses according to study design and to different exposure

circumstances. Publication bias was studied using Begg’s

funnel plots and the Egger’s test (Egger et al. 1997a, b).

All analyses were performed using the STATA software

(Stata Corp. Stata Statistical Software: Release 10. Col-

lege Station, TX: StataCorp LP. 2007).

Results

We analyzed 63 publications: 8 from case–control studies

(see Table 1 of Supplementary material), 55 from cohort

studies and record linkage studies (see Tables 2 to 5 of

Supplementary material). Table 1 summarizes the results

from the different meta-analyses.

Asbestos

Case–control studies

Five case–control studies considered the relationship

between exposure to asbestos and malignant neoplasms of

the OC and/or pharynx (Berrino et al. 2003; Gustavsson

et al. 1998; Huebner et al. 1992; Marchand et al. 2000;

Merletti et al. 1991). Results from the Marchand et al.

study (2000) suggested an association between asbestos

exposure and hypopharyngeal cancer, with significantly

increased ORs of 1.8 and 2.1, respectively, for people ever

exposed and for people with high cumulative exposure. An

international study also found a nonsignificantly increased

OR of 1.8 for cancers of the HP in subjects younger than

55 years of age (Berrino et al. 2003). Results for subjects
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older than 55 were not presented in this study; authors only

mentioned that exposure to asbestos was not associated

with hypopharyngeal cancer at a statistically significant

level. The other available studies showed nonsignificant

results, with ORs of around one or slightly lower than one.

Cohort studies

Twenty-four cohort studies (Dement et al. 2009a; Dement

et al. 2009b; Enterline et al. 1987; Giaroli et al. 1994;

Harding et al. 2009; Hein et al. 2007; Hughes et al. 1987;

Krstev et al. 2007; Levin et al. 1998; Loomis et al. 2009;

Nokso-Koivisto and Pukkala 1994; Parnes 1990; Pira et al.

2007, 2009; Puntoni et al. 2001; Purdue et al. 2006; Raffn

et al. 1989; Reid et al. 2004; Sluis-Cremer et al. 1992;

Strand et al. 2010; Tsai et al. 2007; Ulvestad et al. 2002,

2004; Ward et al. 1994) and a Finnish record linkage study

(Tarvainen et al. 2008) presented results on workers

exposed to asbestos and cancers of the OC and/or pharynx.

Among them, three referred to miners and millers (Pira

et al. 2009; Reid et al. 2004; Sluis-Cremer et al. 1992), six

concerned workers of the construction industry (Dement

et al. 2009a, b; Krstev et al. 2007; Puntoni et al. 2001;

Purdue et al. 2006; Ulvestad et al. 2004), three dealt with

asbestos textile workers (Hein et al. 2007; Loomis et al.

2009; Pira et al. 2007), and four concerned cement-asbes-

tos workers (Giaroli et al. 1994; Hughes et al. 1987; Raffn

et al. 1989; Ulvestad et al. 2002). Figure 1 presents the

results from the 23 cohort studies considering cancers of

the OC and pharynx together.

Reid et al. (2004) investigated incidence of upper aero-

digestive tract cancers among crocidolite miners and

millers. They found increased SIRs for cancers of the OC

and a significantly increased SIR for pharyngeal cancer.

The authors did not observe any dose–response relationship

with cumulative exposure and concluded that the elevated

risks could be due to tobacco consumption. A study on

miners in South Africa (Sluis-Cremer et al. 1992) found a

significantly increased SMR of around 2.1 for workers

exposed to amphibole fibers and cancer of the OC and

pharynx, which reached 2.9 when considering the sub-

cohort of crocidolite-exposed workers. A nonsignificantly

increased risk was found in the third cohort (Pira et al.

2009). Results from cohort studies of construction workers

(Dement et al. 2009a, b; Krstev et al. 2007; Puntoni et al.

2001; Purdue et al. 2006; Ulvestad et al. 2004) are difficult

to interpret because of the multiple co-exposures of the

workers.

Studies on asbestos textile workers (Hein et al. 2007;

Loomis et al. 2009; Pira et al. 2007) showed consistently

increased but nonsignificant risks.

Asbestos-cement workers cohort studies (Giaroli et al.

1994; Hughes et al. 1987; Raffn et al. 1989; Ulvestad et al.

2002) showed nonsignificantly decreased risks except for

Table 1 Results from the meta-analyses on exposure to asbestos, polycyclic aromatic hydrocarbons and solvents, and cancers of the oral cavity

and pharynx

Agent Cancer site Meta-RR

(IC 95%)

Number of case–

control studies

Number of

cohort studies

p value for

heterogeneity

I2 (%) p value for

Egger’s test

Asbestos Oral cavity and pharynx 1.25 (1.10–1.42) 0 23 0.09 29 0.68

Oral cavity (high)a 1.15 (0.84–1.57) 1 4 0.25 26 0.47

Oral cavity (low)a 1.13 (0.81–1.57) 1 4 0.19 34 0.49

Pharynx (high)a 1.27 (0.98–1.66) 3 5 0.18 31 0.78

Pharynx (low)a 1.26 (0.96–1.66) 3 5 0.16 33 0.78

PAHs Oral cavity and pharynx 1.14 (1.02–1.28) 0 22 0.71 0 0.73

Oral cavity (high)a 1.25 (0.98–1.60) 1 6 0.64 0 0.86

Oral cavity (low)a 1.15 (0.89–1.49) 1 6 0.63 0 0.97

Pharynx (high)a 1.37 (1.01–1.85) 2 6 0.88 0 0.35

Pharynx (low)a 1.16 (0.85–1.60) 2 6 0.82 0 0.84

Solvents Oral cavity and

pharynx (high)a
1.00 (0.73–1.35) 2 3 0.06 56 0.95

Oral cavity and

pharynx (low)a
0.98 (0.77–1.23) 2 3 0.17 38 0.42

Oral cavityb – 0 2 – – –

Pharynxb – 2 2 – – –

a High exposure meta-RR or low exposure meta-RR (see text)
b Meta-analysis was not performed (less than 5 available studies)
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the Norwegian study (Ulvestad et al. 2002) in which a

highly increased SIR of around 3 was observed for cancers

of the OC and the pharynx.

Several studies assessed the risk of cancer of the OC and

pharynx in various categories of workers exposed to

asbestos, such as brake manufacturing workers (Parnes

1990), cable manufacturing workers (Ward et al. 1994),

insulation materials manufacturing workers (Levin et al.

1998), locomotive drivers (Nokso-Koivisto and Pukkala

1994), various asbestos companies workers (Enterline et al.

1987; Harding et al. 2009), workers from various occupa-

tional groups exposed to different agents including asbestos

(Strand et al. 2010; Tarvainen et al. 2008; Tsai et al. 2007).

Nonsignificantly (Enterline et al. 1987; Harding et al. 2009;

Levin et al. 1998; Parnes 1990; Strand et al. 2010) or

significantly (Nokso-Koivisto and Pukkala 1994; Ward

et al. 1994) increased risks were found in most of these

studies. In the Tarvainen et al. record linkage study (2008),

significantly increased SIRs for cancer of the OC and

pharynx (excluding nasopharynx) were associated with

exposure to asbestos but no dose–response pattern was

observed.

In one cohort study (Giaroli et al. 1994), zero cases were

observed for cancer of the OC and pharynx, thus leading to

SMR equal to zero. In order to be able to integrate this

study in the meta-analysis, we computed new SMR by

adding one to both the observed number of cases and the

expected number of cases (Jones et al. 2009). The resulting

meta-RR for cancer of the oral cavity and pharynx grouped

together was 1.25 (95% CI 1.10–1.42) (Fig. 1). When we

excluded the study with no observed cases, the meta-RR

was almost the same (meta-RR 1.25; 95% CI 1.10–1.43).

Analysis by exposure circumstance showed meta-RRs of

1.63 (95% CI 1.27–2.09) for miners and millers, 0.91 (95%

CI 0.70–1.18) for construction workers, 1.41 (95% CI

0.97–2.07) for asbestos textile workers, 1.13 (95% CI

0.56–2.25) for asbestos-cement workers. Other exposure

circumstances could not be studied separately and were

analyzed together, yielding a meta-RR of 1.29 (95% CI

1.09–1.53).

Considering cancer of the OC, the ‘‘high exposure meta-

RR’’ was 1.15 (95% CI 0.84–1.57) and the ‘‘low exposure

meta-RR’’ was 1.13 (95% CI 0.81–1.57). Both meta-RRs

were based on five studies. Heterogeneity across studies

Fig. 1 Relative risks (effect

size ES) of oral cavity and

pharyngeal cancer among

workers exposed to asbestos and

corresponding 95% confidence

interval (CI), by study, exposure

circumstance and overall

(p value from Egger’s test for

publication bias = 0.68)
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seemed to be moderate, with I
2 of 26% and 34%, respec-

tively, for the ‘‘high exposure meta-RR’’ (p = 0.25) and

the ‘‘low exposure meta-RR’’ (p = 0.19).

For pharyngeal cancer, the ‘‘high exposure meta-RR’’

was 1.27 (95% CI 0.98–1.66) and the ‘‘low exposure meta-

RR’’ was almost the same (meta-RR 1.26; 95% CI

0.96–1.66). Both meta-RRs had I
2 of around 30%

(p = 0.18 for the ‘‘high exposure result’’, P = 0.16 for the

‘‘low exposure result’’), showing moderate heterogeneity

across studies. The association between asbestos exposure

and cancer of the HP, suggested in case–control studies,

could not be confirmed in cohort studies because of the

lack of data on anatomic subsites of cancer.

Polycyclic aromatic hydrocarbons (PAHs)

PAHs are a class of chemicals including hundreds of

compounds. Occupational exposures to these chemicals

involve several industries and occupations such as alu-

minium production, carbon products manufacturing, pav-

ing and roofing, coal tar distillation, coke gasification, iron

and steel foundries, chimney sweeps, and wood

impregnation.

Case–control studies

Results from case–control studies dealing with exposure to

PAHs and cancers of OC, OP, and HP (Berrino et al. 2003;

Gustavsson et al. 1998; Merletti et al. 1991) did not show

any significant excess risk except in the Gustavsson et al.

study (1998) that showed a dose–response pattern with

cumulative exposure for OC cancer and cancer of the HP

and OP.

Cohort studies

Cohort studies of aluminium industry workers (Gibbs and

Sevigny 2007; Moulin et al. 2000a; Sim et al. 2009; Spi-

nelli et al. 2006) presenting results for oral and pharyngeal

cancers all showed decreased risks except for a Canadian

cohort, in which a slightly increased SIR of around 1.15

was found when considering the whole cohort, while a

significantly increased SIR of around 2.7 was found for

workers highly exposed to benzo-a-pyrene (Gibbs and

Sevigny 2007).

The three cohorts of carbon electrode workers (Donato

et al. 2000; Merlo et al. 2004; Teta et al. 1987) showed

inconsistent results, with no observed deaths in one study

(Teta et al. 1987) and nonsignificantly increased risks in the

two other studies (Donato et al. 2000; Merlo et al. 2004).

No excess mortality from oral or pharyngeal cancer was

found in the two cohorts of carbon black production

workers (Sorahan et al. 2001; Wellmann et al. 2006).

Several studies on coal tar and related products were

available, concerning asphalt workers, roofers, coal tar

distillation, and creosote. Asphalt workers and roofers

cohort studies (Behrens et al. 2009; Boffetta et al. 2003;

Hansen 1989; Purdue et al. 2006; Swaen and Slangen

1997) showed SMRs above one. In the study from Behrens

et al. (2009), SMRs were significantly increased for oral

and pharyngeal cancers. Moreover, workers exposed to

bitumen fumes, and workers exposed to bitumen and tar,

had a significantly increased SMR of 2.1 and 2.9, respec-

tively. However, the Boffetta et al. study (Boffetta et al.

2003), which is a multicentric study including the data

from Behrens et al., did not confirm such an excess of

mortality since the SMR for bitumen workers was slightly

increased but not statistically significant.

The two studies in the coal tar distillation industry

(Moulin et al. 1988; Swaen et al. 1991) found increased

SMRs.

Considering workers exposed to creosote, Karlehagen

et al. (1992) found an elevated SIR of 2.5 for lip cancer,

whereas Wong and Harris (2005) did not observe any case

of oral or pharyngeal cancer. We chose not to use the result

from the Karlehagen et al. study (1992) in the meta-anal-

ysis since it concerned cancer of the lip only, and thus was

too restrictive to be compared with results on oral cavity

and pharynx cancer.

A nonsignificantly increased risk of oral and pharyngeal

cancer was found in the two studies of coke workers

(Hurley et al. 1983; Swaen et al. 1991), but studies of

foundry workers (Hoshuyama et al. 2006; Moulin et al.

2000b; Sherson et al. 1991; Sorahan et al. 1994) did not

show results consistent enough for a definitive conclusion.

Evanoff et al. (1993) studied a cohort of chimney

sweeps and found an increased incidence of cancer of OC

and pharynx.

Tarvainen et al. (2008) observed nonsignificantly

increased SIRs for subjects in the low and middle cumu-

lative exposure categories, with SIRs of around 1.2 and 1.4,

respectively. The SIR for the highest cumulative exposure

to PAHs was 0.4 but was based on only three observed

cases.

A meta-analysis was performed considering data on

cancers of OC and pharynx grouped together. In three

studies (Sorahan et al. 2001; Teta et al. 1987; Wong and

Harris 2005), zero cases were observed for cancer of the

OC and pharynx. Like in the asbestos meta-analysis, we

computed new SMRs by adding one to both the observed

number of cases and the expected number of cases. The

resulting meta-RR was 1.14 (95% CI 1.02–1.28) (Fig. 2).

When we excluded the three studies with no observed

cases, the meta-RR was almost the same (meta-RR 1.15;

95% CI 1.03–1.28). Analysis by exposure circumstance

showed meta-RRs of 1.05 (95% CI 0.87–1.26) for
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aluminium industry workers, 1.44 (95% CI 0.70–2.95) for

people working in carbon electrode manufactures, 1.32

(95% CI 0.99–1.75) for coal tar and related products

workers, and 1.08 (95% CI 0.78–1.48) for foundry workers.

Other exposure circumstances could not be studied sepa-

rately because too few studies were available for meta-

analysis. They were analyzed together, yielding a meta-RR

of 1.17 (95% CI 0.96–1.43).

The meta-analysis of data on cancer of the OC showed

an increased meta-RR of 1.25 (95% CI 0.97–1.60) when

the high cumulative exposure RR from the Gustavsson

et al. case–control study (1998) was used and 1.15 (95% CI

0.89–1.49) when the low cumulative exposure RR was

used.

For pharyngeal cancer, the meta-RR was 1.37 (95% CI

1.01–1.85) when the high exposure estimates from the

case–control studies of Gustavsson et al. (1998) and Ber-

rino et al. (2003) were used, whereas the meta-RR

decreased slightly to 1.16 (95% CI 0.85-1.60) when the low

exposure estimates were used instead.

Solvents

Organic solvents are a chemical category also including a

wide variety of compounds: halogenated hydrocarbons,

among them chlorinated solvents, aliphatic and alicyclic

hydrocarbons, and aromatic monocyclic hydrocarbons.

They are widely used in industry, and their characterization

varies according to the different studies.

Several studies considered exposure to ‘‘solvent as a

whole’’. In a Puerto Rican case–control study on oral and

pharyngeal cancers (Coble et al. 2003), the authors

underlined a significant dose–response relationship with

cumulative exposure to solvents, with ORs reaching 1.6

and 3.2 for the medium and high exposure categories,

respectively. In a Finnish record linkage study (Tarvainen

et al. 2008), slight increases in the number of cancer cases

of OC, HP, OP were observed when exposure to organic

solvents was considered. In two cohorts of aircraft main-

tenance and manufacturing workers where exposures to

mixed solvents occurred (Blair et al. 1998; Boice et al.

Fig. 2 Relative risks (effect

size ES) of oral cavity and

pharyngeal cancer among

workers exposed to polycyclic

aromatic hydrocarbons and

corresponding 95% confidence

interval (CI), by study, exposure

circumstance and overall

(p value from Egger’s test for

publication bias = 0.73)
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1999), the SMR for oral and pharyngeal cancers was close

to the null value in the Blair et al. study (1998), whereas it

was significantly decreased and around 0.4 in the Boice

et al. study (1999). Purdue et al. (2006) found a slightly

increased risk in a cohort of construction workers exposed

to organic solvents for cancer of the OC, but a decreased

risk for pharyngeal cancer. Two studies dealt with cancer

of the OC and OP grouped together and exposure to sol-

vents (Merletti et al. 1991; Schildt et al. 1999). A decreased

OR was observed in the Italian study (Merletti et al. 1991),

while the Swedish study (Schildt et al. 1999) showed an

increased OR of around 1.2. Berrino et al. (2003) and

Shangina et al. (2006) both found increased ORs of around

1.7 for cancer of the HP among people exposed to solvents.

The meta-RR for exposure to solvents as a whole and

cancer of the OC and pharynx was 1.00 (95% CI

0.73–1.35) when including in the analysis the high cumu-

lative exposure result from Coble et al. study (Coble et al.

2003). The Egger’s test did not suggest the presence of

publication bias (p = 0.95), but the risk estimates showed

a strong heterogeneity between studies (I2 = 56%;

p = 0.06), which probably reflected heterogeneous expo-

sure circumstances. When including the low cumulative

exposure result, the meta-RR was 0.98 (95% CI

0.77–1.23), the I2 was 38% (p = 0.17), and the p value for

Egger’s test was 0.42.

TCE and PCE are two chlorinated solvents that are

widely used, especially in the dry cleaning industry. Data

on exposure to TCE and cancer were reviewed in 2000 by

Wartenberg et al. (2000). They divided the cohort studies

into three groups based on the specificity of the exposure

information and computed average relative risks for each

group. In the first group, studies in which TCE exposure

was best characterized, the corresponding average relative

risk for oral and pharyngeal cancers was equal to 0.9. In the

second group, studies in which there was a putative

exposure to TCE but exposure to other solvent or agents

could have occurred, the corresponding average relative

risk was also equal to 0.9. In the third group, cohorts of dry

cleaners and laundry workers, the average relative risk was

1.2. We identified three studies published since this review.

In a Danish cohort study (Raaschou-Nielsen et al. 2003)

including more than 340 companies with documented use

of TCE, Raaschou-Nielsen et al. found SMRs of 1.1 and

1.8 for, respectively, men and women exposed to TCE. In a

cohort of rocket engine testing facility workers (Boice et al.

2006), the SMR for men with potential exposure to TCE

was 1.25. Chang et al. (2005) studied cancer incidence

among workers potentially exposed to TCE, PCE, and

other chlorinated solvents in an electronic factory. For

cancers of the OC and pharynx, they found a decreased

SMR for men while the SMR for women was close to the

null value.

The risk of cancer linked to PCE exposure has been

reviewed in 2003 by Mundt et al. (2003), and they con-

cluded that the possibility of an association between oral

and pharyngeal cancer and PCE appears unlikely. More

recently, Pukkala et al. (2009) found a significant excess

risk of around 1.2 for OC cancer among female launderers,

whereas the risk was decreased among men and close to the

null value for cancer of the pharynx for both men and

women.

Other specific solvents were also examined in some

studies. Ruder et al. (2004) considered mortality among

workers exposed to styrene in the boatbuilding industry,

but results were inconclusive because of the small number

of observed cases. The study by Lehman and Hein (2006)

considered exposure to toluene in a cohort of shoe manu-

facturing workers, and the results showed slightly

increased mortality among men. A Finnish record linkage

(Tarvainen et al. 2008) studied exposure to different kinds

of solvents in relation to cancers of the OC and pharynx.

The authors found a significantly increased RR of around

1.7 for people highly exposed (in terms of cumulative

exposure) to aliphatic and alicyclic hydrocarbons. Slight

increases were also observed for chlorinated solvents and

aromatic hydrocarbons.

We chose not to perform meta-analysis for specific types

of solvents due to the heterogeneity of exposures in the

different studies.

Discussion

Our results provide suggestive evidence of an association

between asbestos and PAHs and cancer of the OC or

pharynx. The meta-analysis of cohort studies of asbestos-

exposed workers resulted in a meta-RR of 1.25 (95% CI

1.10–1.42) for cancer of the OC and pharynx considered

together. The highest meta-RR, 1.63 (95% CI 1.27–2.09),

was observed in cohorts of miners and millers, who had the

highest exposures. Findings from cohort studies were cor-

roborated by the association between asbestos exposure

and cancer of the pharynx found in case–control studies.

Asbestos is a known lung carcinogen in humans and, in a

recent evaluation, was also highlighted as a cause of lar-

yngeal cancer, whereas evidence in humans was considered

limited for cancer of the pharynx (Straif et al. 2009). Our

results provide some supporting evidence for such an

association. The pharynx, like the lung and the larynx, is

anatomically in the direct path of inhaled asbestos fibers,

and squamous cell carcinomas of the pharynx, larynx, and

lung have some histological and clinical similarities.

Asbestos fibers, together with smoking and drinking, could

produce chronic irritation or inflammation resulting in

malignant transformation. Since MMVF have the same
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physical properties as asbestos, exposure to these agents is

also possibly associated with an increased risk of oral and

pharyngeal cancer. A recent meta-analysis on occupational

exposure to rock wool and glass wool found a significantly

increased meta-RR of 1.32 (95% CI 1.09–1.59) for expo-

sure to ‘‘all MMVF’’ and cancer of the OC and pharynx

(Lipworth et al. 2009).

Overall, a significant but moderate association between

PAHs exposure and cancer of the OC and pharynx was

found (meta-RR 1.14; 95% CI 1.02–1.28), but the strength

of the association differed according to the activity. Meta-

RRs around one were found for aluminium industry

workers (meta-RR 1.05; 95% CI 0.87–1.26) and foundry

workers (meta-RR 1.08; 95% CI 0.78–1.48). Nonsignifi-

cantly increased meta-RRs were observed for carbon

electrode manufacturing workers (meta-RR 1.44; 95% CI

0.70–2.95) and workers exposed to coal tar and related

products (meta-RR 1.32; 95% CI 0.99–1.75). As exposure

to PAHs could be very different between the various

exposure circumstances, in terms of composition and

concentration of PAHs, the global meta-RR should be

interpreted cautiously. Meta-RRs specific to exposure cir-

cumstances should also be interpreted with caution since

they are based on few numbers of studies. Despite these

limits, carcinogenicity of PAHs regarding oral and pha-

ryngeal cancers remains possible. Thus, several PAHs, as

well as occupational activities involving exposure to PAHs,

are definite or probable lung carcinogens (Straif et al.

2005) and could be associated with cancers in other sites of

the respiratory tract. Moreover, the well known strong

association between exposure to tobacco smoke, which

contains PAHs, and cancers of the upper aero-digestive

tract, suggests that the carcinogenicity role of PAHs in OC

and pharynx cancers has some biological plausibility.

Globally, no increased risk of cancer of the OC and

pharynx was found to be associated with exposure to sol-

vents in general, but the strong heterogeneity between

studies suggested differences in exposures. Elevated risks

associated with some specific solvents such as PCE and

TCE were also observed in a number of studies, but the

small number of studies with homogeneous exposure did

not allow to perform meta-analyses.

Overall, the evidence regarding occupational factors for

cancers of the OC and pharynx remains inconclusive and

this for several reasons. The lack of consistency in the

definition or grouping of cancer sites hampered the com-

parison between studies. Especially in cohort studies, but

also in some case–control studies, cancers of the OC and

pharynx were grouped in the analysis, sometimes with

other head and neck cancers. Cancers of the OP and of the

HP are almost never studied separately. Although these

cancer sites are in anatomically close areas, they may have

different etiologic risk factors. This grouping of cancer

sites is often due to another shortcoming of most of the

studies, small sample size, and thus limited statistical

power to detect moderate increases in risk. This is partic-

ularly true for occupational cohorts, which provided much

of the information, and were mainly conducted in low-

incidence areas, yielding a small number of observed cases.

Another limitation is that an important proportion of cohort

studies do not present findings on cancers of the OC and

pharynx, mainly because these cancers were not the can-

cers of interest in most of them. We compared the number

of available cohort studies presenting results for oral and

pharyngeal cancers with the number of cohort studies listed

in two meta-analyses on cancer risk and exposure to

asbestos (Goodman et al. 1999) and PAHs (Bosetti et al.

2007). The ratio (number of cohort studies presenting

findings on oral and pharyngeal cancers divided by the

number of cohort studies listed in the two meta-analyses)

approximated 50% for exposure to PAHs while it barely

reached 17% for exposure to asbestos. Cohort studies also

typically lack data on potential confounding factors, such

as smoking and alcohol drinking, the major risk factors for

oral and pharyngeal cancers. In case–control studies, risk

estimates were adjusted for alcohol and tobacco con-

sumption. Conversely, information on occupational expo-

sure was sometimes crude in case–control studies.

The limited number of case–control studies did not

allow us to compute separate meta-RRs for case–control

study design and cohort study design. However, the com-

parison of individual results from case–control studies to

meta-RRs from cohort studies did not reveal important

differences.

In two case–control studies (Huebner et al. 1992; Mer-

letti et al. 1991), the confidence intervals of the ORs were

not available and it was not possible for us to compute

them. Thus, we were not able to integrate these results in

the meta-analysis. Since ORs from these two studies were

globally equal to one or lower than one depending on the

considered agent (see Table 1 from supplementary mate-

rial), the fact that we did not include them in the meta-

analyses may have led to a slight overestimation of the

meta-RRs. We assessed publication bias by formal testing

using Egger’s test and through visual inspection of the

corresponding Begg’s funnel plots. No evidence of publi-

cation bias was observed, with p values exceeding 0.30 in

all analyses (Table 1), and no obvious asymmetry in funnel

plots (not shown). We analyzed 62 English language

publications and one French publication. Egger et al.

(1997a) studied English language bias. They assessed

whether German authors were more likely to publish trials

with statistically significant results in English rather than in

German. They found that authors were more likely to

publish trials in an English journal if the results were sta-

tistically significant. This may be due to the difficulty to
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publish non-statistically significant results in international

journals. Their study concerned randomised controlled

trials but the same observation may be applied to occupa-

tional cohort and case–control studies. Thus, including

papers published in languages other than English could

help to minimize publication bias. For practical reasons, we

restricted ourselves mainly to international journals.

In almost all reviewed studies, exposures were not suf-

ficiently well characterized, either qualitatively or quanti-

tatively, making interpretation difficult. In particular,

summary risk estimates were not calculated by exposure

level or duration, since no such data were available in most

of the studies. The impossibility to assess dose–response

relationships rules out any firm conclusion regarding cau-

sality. We chose to select studies published from 1980

onward, and this may have led to a loss of information.

Oral and pharyngeal cancers are diseases requiring a long

latency period between exposure and occurrence of the

carcinoma (from ten to more than 30 years). Papers pub-

lished before 1980 would thus reflect exposures having

occurred in the first 60 years of the twentieth century.

Because industrial processes are in constant evolution,

however, the exposures considered in those papers would

probably not reflect current exposure circumstances.

In conclusion, the possible role of asbestos, PAHs and

solvents in the risk of oral and pharyngeal cancer needs to

be further investigated. To be informative, future studies

should overcome past limitations in terms of sample size,

characterization of exposure, and classification of cancer

sites.

Acknowledgments Sophie Paget-Bailly received a funding from

the Health, Environment, Toxicology program (SEnT) of the Ile-de

France regional council (Conseil régional d’Ile de France).

Conflict of interest The authors declare that they have no conflict

of interest.

References

Behrens T, Schill W, Ahrens W (2009) Elevated cancer mortality in a

German cohort of bitumen workers: extended follow-up through

2004. J Occup Environ Hyg 6:555–561

Berrino F, Richiardi L, Boffetta P, Esteve J, Belletti I, Raymond L,

Troschel L, Pisani P, Zubiri L, Ascunce N, Guberan E, Tuyns A,

Terracini B, Merletti F (2003) Occupation and larynx and

hypopharynx cancer: a job-exposure matrix approach in an

international case-control study in France, Italy, Spain and

Switzerland. Cancer Causes Control 14:213–223

Blair A, Hartge P, Stewart PA, McAdams M, Lubin J (1998)

Mortality and cancer incidence of aircraft maintenance workers

exposed to trichloroethylene and other organic solvents and

chemicals: extended follow up. Occup Environ Med 55:161–171

Boffetta P, Burstyn I, Partanen T, Kromhout H, Svane O, Langard S,

Jarvholm B, Frentzel-Beyme R, Kauppinen T, Stucker I, Shaham

J, Heederik D, Ahrens W, Bergdahl IA, Cenee S, Ferro G,

Heikkila P, Hooiveld M, Johansen C, Randem BG, Schill W

(2003) Cancer mortality among European asphalt workers: an

international epidemiological study. I. Results of the analysis

based on job titles. Am J Ind Med 43:18–27

Boice JD Jr, Marano DE, Fryzek JP, Sadler CJ, McLaughlin JK

(1999) Mortality among aircraft manufacturing workers. Occup

Environ Med 56:581–597

Boice JD Jr, Marano DE, Cohen SS, Mumma MT, Blot WJ, Brill AB,

Fryzek JP, Henderson BE, McLaughlin JK (2006) Mortality

among Rocketdyne workers who tested rocket engines,

1948–1999. J Occup Environ Med 48:1070–1092

Bosetti C, Boffetta P, La VC (2007) Occupational exposures to

polycyclic aromatic hydrocarbons, and respiratory and urinary

tract cancers: a quantitative review to 2005. Ann Oncol

18:431–446

Chang YM, Tai CF, Yang SC, Lin RS, Sung FC, Shih TS, Liou SH

(2005) Cancer incidence among workers potentially exposed to

chlorinated solvents in an electronics factory. J Occup Health

47:171–180

Coble JB, Brown LM, Hayes RB, Huang WY, Winn DM, Gridley G,

Bravo-Otero E, Fraumeni JF Jr (2003) Sugarcane farming,

occupational solvent exposures, and the risk of oral cancer in

Puerto Rico. J Occup Environ Med 45:869–874

Conway DI, McKinney PA, McMahon AD, Ahrens W, Schmeisser N,

Benhamou S, Bouchardy C, Macfarlane GJ, Macfarlane TV,

Lagiou P, Minaki P, Bencko V, Holcatova I, Merletti F,

Richiardi L, Kjaerheim K, Agudo A, Castellsague X, Talamini

R, Barzan L, Canova C, Simonato L, Lowry RJ, Znaor A, Healy

CM, McCartan BE, Marron M, Hashibe M, Brennan P (2010)

Socioeconomic factors associated with risk of upper aerodiges-

tive tract cancer in Europe. Eur J Cancer 46:588–598

Dement J, Welch L, Haile E, Myers D (2009a) Mortality among sheet

metal workers participating in a medical screening program. Am

J Ind Med 52:603–613

Dement JM, Ringen K, Welch LS, Bingham E, Quinn P (2009b)

Mortality of older construction and craft workers employed at

Department of Energy (DOE) nuclear sites. Am J Ind Med

52:671–682

DerSimonian R, Laird N (1986) Meta-analysis in clinical trials.

Control Clin Trials 7:177–188

Donato F, Monarca S, Marchionna G, Rossi A, Cicioni C, Chiesa R,

Colin D, Boffetta P (2000) Mortality from cancer and chronic

respiratory diseases among workers who manufacture carbon

electrodes. Occup Environ Med 57:484–487

D’Souza G, Kreimer AR, Viscidi R, Pawlita M, Fakhry C, Koch WM,

Westra WH, Gillison ML (2007) Case-control study of human

papillomavirus and oropharyngeal cancer. N Engl J Med

356:1944–1956

Egger M, Davey SG, Schneider M, Minder C (1997a) Bias in meta-

analysis detected by a simple, graphical test. BMJ 315:629–634

Egger M, Zellweger-Zähner T, Schneider M, Junker C, Lengeler C,

Antes G (1997b) Language bias in randomised controlled trials

published in English and German. Lancet 350:326–329

Enterline PE, Hartley J, Henderson V (1987) Asbestos and cancer: a

cohort followed up to death. Br J Ind Med 44:396–401

Evanoff BA, Gustavsson P, Hogstedt C (1993) Mortality and

incidence of cancer in a cohort of Swedish chimney sweeps:

an extended follow up study. Br J Ind Med 50:450–459

Ferlay J, Shin HR, Bray F, Forman D, Mathers C, Parkin DM (2010)

Estimates of worldwide burden of cancer in 2008: GLOBOCAN

2008. Int J Cancer

Giaroli C, Beeli S, Bruno C, Candela S, Grignoli M, Minisci S, Poletti

R, Ricco G, Vecchi G, Venturi G, Ziccardi A, Comba P (1994)

Mortality study of asbestos cement workers. Int Arch Occup

Environ Health 66:7–11

Int Arch Occup Environ Health

123



Gibbs GW, Sevigny M (2007) Mortality and cancer experience of

Quebec aluminum reduction plant workers, part 4: cancer

incidence. J Occup Environ Med 49:1351–1366

Goodman M, Morgan RW, Ray R, Malloy CD, Zhao K (1999) Cancer

in asbestos-exposed occupational cohorts: a meta-analysis.

Cancer Causes Control 10:453–465

Gustavsson P, Jakobsson R, Johansson H, Lewin F, Norell S, Rutkvist

LE (1998) Occupational exposures and squamous cell carcinoma

of the oral cavity, pharynx, larynx, and oesophagus: a case-

control study in Sweden. Occup Environ Med 55:393–400

Hansen ES (1989) Cancer incidence in an occupational cohort

exposed to bitumen fumes. Scand J Work Environ Health

15:101–105

Harding AH, Darnton A, Wegerdt J, McElvenny D (2009) Mortality

among British asbestos workers undergoing regular medical

examinations (1971–2005). Occup Environ Med 66:487–495

Hashibe M, Brennan P, Chuang SC, Boccia S, Castellsague X, Chen

C, Curado MP, Dal ML, Daudt AW, Fabianova E, Fernandez L,

Wunsch-Filho V, Franceschi S, Hayes RB, Herrero R, Kelsey K,

Koifman S, La VC, Lazarus P, Levi F, Lence JJ, Mates D, Matos

E, Menezes A, McClean MD, Muscat J, Eluf-Neto J, Olshan AF,

Purdue M, Rudnai P, Schwartz SM, Smith E, Sturgis EM,

Szeszenia-Dabrowska N, Talamini R, Wei Q, Winn DM,

Shangina O, Pilarska A, Zhang ZF, Ferro G, Berthiller J,

Boffetta P (2009) Interaction between tobacco and alcohol use

and the risk of head and neck cancer: pooled analysis in the

International Head and Neck Cancer Epidemiology Consortium.

Cancer Epidemiol Biomarkers Prev 18:541–550

Hein MJ, Stayner LT, Lehman E, Dement JM (2007) Follow-up study

of chrysotile textile workers: cohort mortality and exposure-

response. Occup Environ Med 64:616–625

Higgins JP, Thompson SG, Deeks JJ, Altman DG (2003) Measuring

inconsistency in meta-analyses. BMJ 327:557–560

Hoshuyama T, Pan G, Tanaka C, Feng Y, Yu L, Liu T, Liu L,

Hanaoka T, Takahashi K (2006) Mortality of iron-steel workers

in Anshan, China: a retrospective cohort study. Int J Occup

Environ Health 12:193–202

Huebner WW, Schoenberg JB, Kelsey JL, Wilcox HB, McLaughlin

JK, Greenberg RS, Preston-Martin S, Austin DF, Stemhagen A,

Blot WJ (1992) Oral and pharyngeal cancer and occupation: a

case-control study. Epidemiology 3:300–309

Hughes JM, Weill H, Hammad YY (1987) Mortality of workers

employed in two asbestos cement manufacturing plants. Br J Ind

Med 44:161–174

Hurley JF, Archibald RM, Collings PL, Fanning DM, Jacobsen M,

Steele RC (1983) The mortality of coke workers in Britain. Am J

Ind Med 4:691–704

Jones DR, Sutton AJ, Abrams KR, Fenty J, Warren F, Rushton L

(2009) Systematic review and meta-analysis of mortality in crop

protection product manufacturing workers. Occup Environ Med

66:7–15

Karlehagen S, Andersen A, Ohlson CG (1992) Cancer incidence

among creosote-exposed workers. Scand J Work Environ Health

18:26–29

Krstev S, Stewart P, Rusiecki J, Blair A (2007) Mortality among

shipyard Coast Guard workers: a retrospective cohort study.

Occup Environ Med 64:651–658

Lehman EJ, Hein MJ (2006) Mortality of workers employed in shoe

manufacturing: an update. Am J Ind Med 49:535–546

Levi F, Pasche C, La VC, Lucchini F, Franceschi S, Monnier P (1998)

Food groups and risk of oral and pharyngeal cancer. Int J Cancer

77:705–709

Levin JL, McLarty JW, Hurst GA, Smith AN, Frank AL (1998) Tyler

asbestos workers: mortality experience in a cohort exposed to

amosite. Occup Environ Med 55:155–160

Lipworth L, La VC, Bosetti C, McLaughlin JK (2009) Occupational

exposure to rock wool and glass wool and risk of cancers of the

lung and the head and neck: a systematic review and meta-

analysis. J Occup Environ Med 51:1075–1087

Loomis D, Dement JM, Wolf SH, Richardson DB (2009) Lung cancer

mortality and fibre exposures among North Carolina asbestos

textile workers. Occup Environ Med 66:535–542

Marchand JL, Luce D, Leclerc A, Goldberg P, Orlowski E, Bugel I,

Brugere J (2000) Laryngeal and hypopharyngeal cancer and

occupational exposure to asbestos and man-made vitreous fibers:

results of a case-control study. Am J Ind Med 37:581–589

Menvielle G, Luce D, Goldberg P, Leclerc A (2004) Smoking,

alcohol drinking, occupational exposures and social inequalities

in hypopharyngeal and laryngeal cancer. Int J Epidemiol

33:799–806

Merletti F, Boffetta P, Ferro G, Pisani P, Terracini B (1991)

Occupation and cancer of the oral cavity or oropharynx in Turin,

Italy. Scand J Work Environ Health 17:248–254

Merlo DF, Garattini S, Gelatti U, Simonati C, Covolo L, Ceppi M,

Donato F (2004) A mortality cohort study among workers in a

graphite electrode production plant in Italy. Occup Environ Med

61:e9

Moulin JJ, Mur JM, Wild P, Demonchy A, Eloy E, Jeannot A (1988)

Epidemiologic study of the mortality among the employees of a

coal tar distillery. Rev Epidemiol Sante Publ 36:99–107

Moulin JJ, Clavel T, Buclez B, Laffitte-Rigaud G (2000a) A mortality

study among workers in a French aluminium reduction plant. Int

Arch Occup Environ Health 73:323–330

Moulin JJ, Clavel T, Roy D, Dananche B, Marquis N, Fevotte J,

Fontana JM (2000b) Risk of lung cancer in workers producing

stainless steel and metallic alloys. Int Arch Occup Environ

Health 73:171–180

Mundt KA, Birk T, Burch MT (2003) Critical review of the

epidemiological literature on occupational exposure to perchlo-

roethylene and cancer. Int Arch Occup Environ Health

76:473–491

Nokso-Koivisto P, Pukkala E (1994) Past exposure to asbestos and

combustion products and incidence of cancer among Finnish

locomotive drivers. Occup Environ Med 51:330–334

Parnes SM (1990) Asbestos and cancer of the larynx: is there a

relationship? Laryngoscope 100:254–261

Pira E, Pelucchi C, Piolatto PG, Negri E, Discalzi G, La VC (2007)

First and subsequent asbestos exposures in relation to mesothe-

lioma and lung cancer mortality. Br J Cancer 97:1300–1304

Pira E, Pelucchi C, Piolatto PG, Negri E, Bilei T, La VC (2009)

Mortality from cancer and other causes in the Balangero cohort

of chrysotile asbestos miners. Occup Environ Med 66:805–809

Pukkala E, Martinsen JI, Lynge E, Gunnarsdottir HK, Sparen P,

Tryggvadottir L, Weiderpass E, Kjaerheim K (2009) Occupation

and cancer—follow-up of 15 million people in five Nordic

countries. Acta Oncol 48:646–790

Puntoni R, Merlo F, Borsa L, Reggiardo G, Garrone E, Ceppi M

(2001) A historical cohort mortality study among shipyard

workers in Genoa, Italy. Am J Ind Med 40:363–370

Purdue MP, Jarvholm B, Bergdahl IA, Hayes RB, Baris D (2006)

Occupational exposures and head and neck cancers among

Swedish construction workers. Scand J Work Environ Health

32:270–275

Raaschou-Nielsen O, Hansen J, McLaughlin JK, Kolstad H, Chris-

tensen JM, Tarone RE, Olsen JH (2003) Cancer risk among

workers at Danish companies using trichloroethylene: a cohort

study. Am J Epidemiol 158:1182–1192

Raffn E, Lynge E, Juel K, Korsgaard B (1989) Incidence of cancer

and mortality among employees in the asbestos cement industry

in Denmark. Br J Ind Med 46:90–96

Int Arch Occup Environ Health

123



Reid A, Ambrosini G, de Klerk N, Fritschi L, Musk B (2004)

Aerodigestive and gastrointestinal tract cancers and exposure to

crocidolite (blue asbestos): incidence and mortality among

former crocidolite workers. Int J Cancer 111:757–761

Ruder AM, Ward EM, Dong M, Okun AH, vis-King K (2004)

Mortality patterns among workers exposed to styrene in the

reinforced plastic boatbuilding industry: an update. Am J Ind

Med 45:165–176

Schildt EB, Eriksson M, Hardell L, Magnuson A (1999) Occupational

exposures as risk factors for oral cancer evaluated in a Swedish

case-control study. Oncol Rep 6:317–320

Shangina O, Brennan P, Szeszenia-Dabrowska N, Mates D, Fabia-

nova E, Fletcher T, Mannetje A, Boffetta P, Zaridze D (2006)

Occupational exposure and laryngeal and hypopharyngeal cancer

risk in central and eastern Europe. Am J Epidemiol 164:367–375

Sherson D, Svane O, Lynge E (1991) Cancer incidence among

foundry workers in Denmark. Arch Environ Health 46:75–81

Sim MR, Del MA, Hoving JL, Macfarlane E, McKenzie D, Benke G,

de Klerk N, Fritschi L (2009) Mortality and cancer incidence in

workers in two Australian prebake aluminium smelters. Occup

Environ Med 66:464–470

Sluis-Cremer GK, Liddell FD, Logan WP, Bezuidenhout BN (1992)

The mortality of amphibole miners in South Africa, 1946–80. Br

J Ind Med 49:566–575

Sorahan T, Faux AM, Cooke MA (1994) Mortality among a cohort of

United Kingdom steel foundry workers with special reference to

cancers of the stomach and lung, 1946–1990. Occup Environ

Med 51:316–322

Sorahan T, Hamilton L, van Tongeren M, Gardiner K, Harrington JM

(2001) A cohort mortality study of U.K. carbon black workers,

1951–1996. Am J Ind Med 39:158–170

Spinelli JJ, Demers PA, Le ND, Friesen MD, Lorenzi MF, Fang R,

Gallagher RP (2006) Cancer risk in aluminum reduction plant

workers (Canada). Cancer Causes Control 17:939–948

Straif K, Baan R, Grosse Y, Secretan B, El GF, Cogliano V (2005)

Carcinogenicity of polycyclic aromatic hydrocarbons. Lancet

Oncol 6:931–932

Straif K, brahim-Tallaa L, Baan R, Grosse Y, Secretan B, El GF,

Bouvard V, Guha N, Freeman C, Galichet L, Cogliano V (2009)

A review of human carcinogens—part C: metals, arsenic, dusts,

and fibres. Lancet Oncol 10:453–454

Strand LA, Martinsen JI, Koefoed VF, Sommerfelt-Pettersen J,

Grimsrud TK (2010) Asbestos-related cancers among 28, 300

military servicemen in the Royal Norwegian Navy. Am J Ind

Med 53:64–71

Swaen GM, Slangen JM (1997) Mortality in a group of tar distillery

workers and roofers. Int Arch Occup Environ Health 70:133–137

Swaen GM, Slangen JJ, Volovics A, Hayes RB, Scheffers T,

Sturmans F (1991) Mortality of coke plant workers in The

Netherlands. Br J Ind Med 48:130–135

Tarvainen L, Kyyronen P, Kauppinen T, Pukkala E (2008) Cancer of

the mouth and pharynx, occupation and exposure to chemical

agents in Finland [in 1971–95]. Int J Cancer 123:653–659

Teta MJ, Ott MG, Schnatter AR (1987) Population based mortality

surveillance in carbon products manufacturing plants. Br J Ind

Med 44:344–350

Tsai SP, Ahmed FS, Wendt JK, Foster DE, Donnelly RP, Strawmyer

TR (2007) A 56-year mortality follow-up of Texas petroleum

refinery and chemical employees, 1948–2003. J Occup Environ

Med 49:557–567

Ulvestad B, Kjaerheim K, Martinsen JI, Damberg G, Wannag A,

Mowe G, Andersen A (2002) Cancer incidence among workers

in the asbestos-cement producing industry in Norway. Scand J

Work Environ Health 28:411–417

Ulvestad B, Kjaerheim K, Martinsen JI, Mowe G, Andersen A (2004)

Cancer incidence among members of the Norwegian trade union

of insulation workers. J Occup Environ Med 46:84–89

Ward EM, Ruder AM, Suruda A, Smith AB, Halperin W, Fessler CA,

Zahm SH (1994) Cancer mortality patterns among female and

male workers employed in a cable manufacturing plant during

World War II. J Occup Med 36:860–866

Wartenberg D, Reyner D, Scott CS (2000) Trichloroethylene and

cancer: epidemiologic evidence. Environ Health Perspect

108(Suppl 2):161–176

Wellmann J, Weiland SK, Neiteler G, Klein G, Straif K (2006)

Cancer mortality in German carbon black workers 1976–1998.

Occup Environ Med 63:513–521

Wong O, Harris F (2005) Retrospective cohort mortality study and

nested case-control study of workers exposed to creosote at 11

wood-treating plants in the United States. J Occup Environ Med

47:683–697

Int Arch Occup Environ Health

123


