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VERSION 1 - REVIEW 

REVIEWER Paolo Prandoni 
University of Padua 

REVIEW RETURNED 24-Mar-2014 

 

- The reviewer completed the checklist but made no further comments. 

REVIEWER Gary Lyman 
Fred Hutchinson Cancer Research Center  
Seattle, WA USA 

REVIEW RETURNED 04-Apr-2014 

 

GENERAL COMMENTS The authors propose to assess the interaction of comorbidity and a 
diagnosis of breast cancer on the risk of venous thromboembolism 
(VTE). This report represents a population-based, matched cohort 
study of all Danish breast cancer patients diagnosed between 1995–
2010 along with a comparison cohort of women without breast 
cancer from the general population matched on year of birth in five-
year intervals and on specific diseases included in the Charlson 
Comorbidity Index as well as and atrial fibrillation and obesity. Data 
were derived from administrative and medical registries in Denmark. 
Rate ratios for VTE per 1000 PYs were computed by comorbidity 
levels using the Charlson with interaction calculated as a measure of 
the excess or deficit in VTE rate not explained by the independent 
effects of BC and comorbidity. Among BC patients with a CCI score 
of 1, the 0-1 year VTE rate was 12 per 1000 person-years and 
interaction accounted for 10% of the rate. Among breast cancer 
patients with an index ≥4, the VTE rate was 17 with interaction 
accounted for 8% of the rate. The authors conclude that there is only 
minimal interaction between the diagnosis of breast cancer and the 
Charlson Comorbidity Index on the rate of VTE.  
 
Comments:  
1. This represents an interesting population based cohort study of 
VTE attempting to evaluate the interaction of comorbid medical 
conditions on the risk of VTE in patients with breast cancer.  
2. The study appears reasonably compliant with STROBE.  
3. The population sample size is large but limited information about 
data quality is provided.  
4. The analysis is well done although more detail about how 
competing risks were addressed is warranted in the methods section 
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beyond the reference citation provided.  
5. Other authors have been concerned about administrative data 
capturing diagnoses that represented one time rule out coding for 
billing purposes and have insisted upon such coding appear over 
some defined period of time or being associated with an intervention 
only likely to occur if a diagnosis of VTE was established, eg, 
anticoagulation. The authors need to discuss this challenging issue 
and how it was addressed in this study.  
6. The characteristics of the matched comparison cohort as reflected 
in table 1 is confusing and should better annotated. As cancer is a 
component of the CCI, how was this adjusted for in the matched 
population?  
7. The lack of much evidence for an interaction between breast 
cancer and various comorbidities in the CCI is perhaps not 
surprising based on prior studies.  
8. The authors could further strengthen their limitations section 
based on the limitations of the administrative and registry data 
sources. Most notably there are no data on chemotherapy, type of 
chemotherapy, hormonal therapy, surgery or type of surgery, other 
medications such as ESAs etc. There are no data on various 
laboratory parameters including hemoglobin, leukocyte or platelet 
count or body mass index among others. 

 

REVIEWER Peter Baade 
Cancer Council Queensland  
Australia 

REVIEW RETURNED 27-Apr-2014 

 

GENERAL COMMENTS Page 10. It would be useful to include some explanation as to why 
the IC was calculated, rather than testing for the significant of 
interaction between breast cancer and comorbidity on the rate of 
VTE. What would be the correct interpretation of a negative value of 
IC? In table 2, for example, the interpretation of the changing impact 
of CCI and Cohort on the VTE rate seems to be more intuitively 
displayed by the HR, rather than the IC.  
 
Were tests for proportionality conducted for the Cox regression 
model? Also, was the linear assumption with age tested?  
 
Page 10. In the text, please provide median age and % of cohort 
with CCI=0 for the comparison cohort (even though they were 
matching variables) Also, when reporting on the number of VTE 
cases in the text, please include the percentages.  
 
While noted on page 13, the possible role of surveillance bias on the 
observed results should be explored/discussed in greater detail, 
given the observed associations seem to be more pronounced in the 
first year after diagnosis. Also, the differences are less pronounced 
with more numbers of comorbidities, in which the comparison group 
may be more likely to have similar levels of medical surveillance as 
the breast cancer cohort.  
 
The authors state that (p11) in all strata of CCI scores the breast 
cancer cohort had higher rates of VTE compared to the comparison 
cohort (also in the discussion). However when the CCI was greater 
than or equal to four, the hazard rate was not statistically significant 
to one. There was also no significant difference when restricting to at 
least one year of follow up.  
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In Table 2, the title refers to “VTE rate ratio”, which doesn‟t seem to 
be in the table, however the HR is. Please clarify.  
 
Please define IC in the abstract 

 

VERSION 1 – AUTHOR RESPONSE 

Reviewer: 1  

Reviewer Name Paolo Prandoni  

Institution and Country University of Padua  

(Italy)  

Please state any competing interests or state „None declared‟: None  

 

No comments  

 

 

Reviewer: 2  

Reviewer Name Gary Lyman  

Institution and Country Fred Hutchinson Cancer Research Center  

Seattle, WA USA  

Please state any competing interests or state „None declared‟: None declared  

 

Overview  

The authors propose to assess the interaction of comorbidity and a diagnosis of breast cancer on the 

risk of venous thromboembolism (VTE). This report represents a population-based, matched cohort 

study of all Danish breast cancer patients diagnosed between 1995–2010 along with a comparison 

cohort of women without breast cancer from the general population matched on year of birth in five-

year intervals and on specific diseases included in the Charlson Comorbidity Index as well as and 

atrial fibrillation and obesity. Data were derived from administrative and medical registries in 

Denmark. Rate ratios for VTE per 1000 PYs were computed by comorbidity levels using the Charlson 

with interaction calculated as a measure of the excess or deficit in VTE rate not explained by the 

independent effects of BC and comorbidity. Among BC patients with a CCI score of 1, the 0-1 year 

VTE rate was 12 per 1000 person-years and interaction accounted for 10% of the rate. Among breast 

cancer patients with an index ≥4, the VTE rate was 17 with interaction accounted for 8% of the rate. 

The authors conclude that there is only minimal interaction between the diagnosis of breast cancer 

and the Charlson Comorbidity Index on the rate of VTE.  

 

Comments:  

1. This represents an interesting population based cohort study of VTE attempting to evaluate the 

interaction of comorbid medical conditions on the risk of VTE in patients with breast cancer.  

 

2. The study appears reasonably compliant with STROBE.  

 

3. The population sample size is large but limited information about data quality is provided.  

Reply: We agree with the reviewer, and added a more thorough discussion of the data quality. We 

have emphasized in the discussion the limitations of the data quality for the VTE diagnosis and data 

on comorbidity: Page 11, line 210:  

“Data on breast cancer obtained from the DCR are virtually complete. The positive predictive values 

for the CCI diseases recorded in the DNRP are above 80% compared with medical record review.31 

However, outpatient data were not registered before 1995, and the impact of any resulting 

misclassification of comorbidities on estimates of the interaction contrast are unclear.32 The definition 
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of VTE included both inpatient and outpatient discharge VTE diagnoses, but the accuracy of these 

diagnoses vary for type of diagnosis and hospital department, with the highest PPV of 75% for 

inpatient diagnoses.24 To reduce the number of invalid VTE diagnoses, we only included inpatient 

and outpatient VTE diagnoses thereby excluding VTE only diagnosed at emergency departments, 

which have poor predictive value.  

 

4. The analysis is well done although more detail about how competing risks were addressed is 

warranted in the methods section beyond the reference citation provided.  

Reply: We agree with the reviewer and revised the sentence describing the competing risk analysis. 

Please see page 7, line 130: Next, we computed cumulative incidence estimates for VTE, which takes 

into account the competing risk of death (an event that precludes subsequent VTE occurrence).25  

In addition, we added the cumulative VTE incidence estimates to the results. Please see page 9, line 

168: “After taking into account death as a competing risk, the breast cancer cohort was at higher risk 

for all types of VTE within 1 year of follow-up (0.80%, 95%CI: 0.74, 0.88) and 0.22% (95%CI: 0.20, 

0.24), respectively) and at 5 years of follow-up (1.6%, 95%CI: 1.50, 1.73) and 0.93% (95%CI: 0.90, 

0.97), respectively.”  

 

5. Other authors have been concerned about administrative data capturing diagnoses that 

represented one time rule out coding for billing purposes and have insisted upon such coding appear 

over some defined period of time or being associated with an intervention only likely to occur if a 

diagnosis of VTE was established, e.g., anticoagulation. The authors need to discuss this challenging 

issue and how it was addressed in this study.  

Reply: We agree with the reviewer that the data validity needs to be discussed. We did not require 

VTE diagnoses to be combined with anticoagulation to reduce coding errors, because this approach 

could introduce immortal person time bias by patients not surviving long enough to receive 

anticoagulation. In our study, we included all inpatient and outpatient diagnoses, which are 

reasonably valid, but did not include emergency department VTE diagnoses because of low positive 

predictive value (Severinsen MT et al. Venous thromboembolism discharge diagnoses in the Danish 

National Patient Registry should be used with caution. J Clin Epidemiol 2010;63:223-228.)  

We have added this information to the methods and the discussion: Page 6, line 113:  

“The study outcome was VTE, defined as any in- or outpatient discharge diagnosis of PE, DVT, or 

other VTE diagnosed after the index date (see Appendix), thereby excluding VTE that was only 

diagnosed at emergency departments due to a low positive predictive value.”  

 

And on page 12, line 222:  

 

“To reduce the number of invalid VTE diagnoses, we only included inpatient and outpatient VTE 

diagnoses thereby disregarding VTE only diagnosed at emergency departments, which have poor 

predictive value.24”  

 

6. The characteristics of the matched comparison cohort as reflected in table 1 is confusing and 

should better annotated. As cancer is a component of the CCI, how was this adjusted for in the 

matched population?  

Reply: The text on page 6, line 99 explains that “Women in the comparison cohort could not have 

previous diagnostic codes for breast cancer or VTE as of the date of breast cancer diagnosis for the 

corresponding case.” We have now emphasized that comparison cohort members were eligible for 

inclusion in the breast cancer cohort if they developed breast cancer. We have added this information 

on page 6, line 101. We respectfully leave it up to the Editor to decide if this information should also 

be included in Table 1.  

 

7. The lack of much evidence for an interaction between breast cancer and various comorbidities in 

the CCI is perhaps not surprising based on prior studies.  
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Reply: We agree with the reviewer and added the following paragraph to the discussion on page 10, 

line 196: “Previous studies have found that BC does not confer a large increased risk of VTE 

compared to many other cancer types,3 which may provide one explanation for the relatively small 

amount of interaction in BC patients compared to women from the general population.”  

 

8. The authors could further strengthen their limitations section based on the limitations of the 

administrative and registry data sources. Most notably there are no data on chemotherapy, type of 

chemotherapy, hormonal therapy, surgery or type of surgery, other medications such as ESAs etc. 

There are no data on various laboratory parameters including hemoglobin, leukocyte or platelet count 

or body mass index among others.  

Reply: We agree with the reviewer and revised the paragraph to discuss these limitations. Please see 

page 12, line 231: “Furthermore, we lacked information on several important factors, for example 

cancer treatment, abnormal laboratory parameters, other medications, and intravenous catheters, 

which could independently affect VTE risk.”  

 

Reviewer: 3  

Reviewer Name Peter Baade  

Institution and Country Cancer Council Queensland  

Australia  

Please state any competing interests or state „None declared‟: None Declared  

 

Page 10. It would be useful to include some explanation as to why the IC was calculated, rather than 

testing for the significant of interaction between breast cancer and comorbidity on the rate of VTE. 

What would be the correct interpretation of a negative value of IC? In table 2, for example, the 

interpretation of the changing impact of CCI and Cohort on the VTE rate seems to be more intuitively 

displayed by the HR, rather than the IC.  

Reply: We agree with the reviewer that an explanation of the IC should be more thorough. The IC is a 

direct and simple quantification of the excess or deficit VTE rate caused by synergistic or antagonistic 

interaction between comorbidity and BC based on additivity of effects. The method has fewer 

assumptions than using a statistical model with interaction terms as a measure of interaction. In 

addition, including interaction terms in models does not allow for easy estimation of negative 

interaction (antagonism), which we can readily measure using the IC. The IC measures the fraction of 

the total VTE rate among patients with breast cancer and levels of comorbidity attributable to 

interaction between these factors, compared to women without either disease, whereas the HR 

measures the relative VTE rate in breast cancer patients compared to comparison women within each 

stratum of the CCI score. The IC and the HR are therefore two different measures that complement 

each other. We have emphasized the purpose of calculating the IC in the methods section. Please 

see the revised paragraph, page 8, line 146:  

“The interaction between breast cancer and comorbidity on the rate of VTE was examined by 

calculating the IC, which measures the excess or deficit rate of VTE above or below that expected 

given the baseline VTE rate, the effect of breast cancer on the VTE rate, and the effect of comorbidity 

on the VTE rate, based on additivity of effects.16 It is calculated as the difference between the rate 

differences (VTE rate in the breast cancer cohort minus the VTE rate in the comparison cohort) in the 

strata with and without comorbidity.16 The IC is a measure of the synergistic or antagonistic 

interaction between two factors that cannot be explained by their individual effects.”  

 

We agree with the reviewer that the interpretation of negative ICs need to be explained. Please see 

revised paragraph on page 11, line 200:  

” Interaction contrasts were negative in some analyses, although often imprecisely measured. 

Negative interaction contrasts suggest that the joint effect of breast cancer and comorbidity is less 

than expected from their individual effects. In women with multiple comorbidities, and at longer times 

of follow-up, the independent effects of comorbidity and breast cancer, therefore, dominate the overall 
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risk of VTE, possibly due to the higher baseline risk of VTE contributed by each of these factors.”  

 

 

Were tests for proportionality conducted for the Cox regression model? Also, was the linear 

assumption with age tested?  

Reply: The proportionally assumption in Cox regression models was examined with log minus log 

plots and found to be acceptable. The linearity of age was assessed by plotting fitted betas against 

the mean value of deciles of age in Cox regression and found to be appropriate. We have now added 

this information to the methods section. Please see page 8, line 143:  

“The proportionality assumption in Cox models were examined with log minus log plots, and both this 

and the linearity assumption of the effect of age were found to be acceptable.”  

 

Page 10. In the text, please provide median age and % of cohort with CCI=0 for the comparison 

cohort (even though they were matching variables) Also, when reporting on the number of VTE cases 

in the text, please include the percentages.  

Reply: We agree with the reviewer and revised the paragraph in the result section and added the 

percentages. Please see page 9, line 159:  

“The median age in the breast cancer cohort was 62.3 years (inter-quartile range (IQR), 52.8, 72.3), 

and 62.0 (IQR: 52.6, 72.9) in the comparison cohort. In the breast cancer and comparison cohort, 

75% and 76% of all women had a CCI score of 0 at the index date. During the first year of follow-up, 

there were 502 (0.8%) and 668 (0.2%) cases of VTE in the breast cancer and the matched 

comparison cohort, respectively, of which 39% vs. 46% were DVT, 35% were PE in both cohorts, and 

26% vs. 19% were other VTEs, respectively. By five years of follow-up, an additional 789 (1.4%) 

cases of VTE were diagnosed in the breast cancer cohort and 2,308 (0.8%) in the comparison 

cohort.”  

 

While noted on page 13, the possible role of surveillance bias on the observed results should be 

explored/discussed in greater detail, given the observed associations seem to be more pronounced in 

the first year after diagnosis. Also, the differences are less pronounced with more numbers of 

comorbidities, in which the comparison group may be more likely to have similar levels of medical 

surveillance as the breast cancer cohort.  

Reply: We agree with the reviewer and added the following sentence to page 12, line 227: “With 

increasing CCI score, the VTE rates among breast cancer patients approach the rates of comparison 

women, suggesting that the amount of medical surveillance is more similar between the cohorts with 

increasing morbidity.“  

 

 

The authors state that (p11) in all strata of CCI scores the breast cancer cohort had higher rates of 

VTE compared to the comparison cohort (also in the discussion). However when the CCI was greater 

than or equal to four, the hazard rate was not statistically significant to one. There was also no 

significant difference when restricting to at least one year of follow up.  

Reply: The VTE rate ratio estimates are 1.3 (95%CI: 0.7, 2.4) and 1.5 (95%CI: 0.9, 2.5) for a CCI 

score of ≥4 during 0-1 and 2-5 years of follow-up respectively, corresponding to increased risks of 

VTE in the breast cancer cohort of 30% and 50% relative to the comparison cohorts. The broad 

confidence intervals and low precision reflect the reduced power associated with decreased sample 

size among women with CCI score ≥4. Looking at the crude and standardized rates, the breast cancer 

cohort has higher rates than the comparison cohorts. We believe therefore that our estimates indicate 

increased risks in the breast cancer cohort compared with comparison women with a CCI score ≥4, 

though possibly lower increased risk than among patients with less comorbidity. We therefore prefer 

not to change our statement, which is accurate and transparent since confidence intervals are 

provided for readers who prefer to examine whether the interval includes the null.  
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In Table 2, the title refers to “VTE rate ratio”, which doesn‟t seem to be in the table, however the HR 

is. Please clarify.  

Reply: We thank the reviewer for noticing this inconsistency. We have now clarified in Table 2 that the 

HRs are measures of the VTE rate ratio.  

 

Please define IC in the abstract  

Reply: We thank the reviewer for noticing the lack of abbreviation, which we have now added to the 

abstract. 
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