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Aim: To develop a prognostic score for primary breast cancer patients integrating 
conventional predictors and the novel biomarker CHAC1 to aid adjuvant chemotherapy 
decisions. Patients & methods: A prognostic score for overall survival was developed 
using: conventional predictors from a dataset of 1777 patients and the weight of CHAC1 
mRNA expression from an independent dataset of 106 patients using multivariate Cox 
regression. Results: The new score includes: CHAC1 mRNA expression, age, tumor size, 
HER2 neu status, lymph node status and degree of malignancy. Using a cut-off value 
of 11 score points, 10-year survival was 82% in low-risk (n = 34) and 43% in high-risk 
patients (n = 72). The addition of CHAC1 resulted in 16% reclassification. Conclusion: 
Including CHAC1 in prognostic prediction may aid (and change) personalized 
treatment selection.
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Prognostic scores are important for 
informing patients about potential clinical 
outcomes, supporting physicians choices 
about diagnostic tests and appropriate 
therapies, studying the effect of specific fac-
tors on prognosis in observational studies 
and designing randomized controlled tri-
als [1]. Such scores have an important role 
in personalized medicine, which aims to 
improve patient stratification and timing of 
healthcare interventions by using biological 
information and biomarkers. Treatments 
with known adverse effects should only be 
offered to patients who have a substantial 
chance of benefit [2].

Advances in breast cancer treatment have 
led to a reduction in cancer-related mortality. 
For example, adjuvant chemotherapy can be 
very beneficial for high-risk patients but may 
lead to greater harm in low-risk patients due 
to treatment toxicity. In order to optimize 
the benefit-harm trade-off, it is necessary to 
accurately define the low-risk patient popu-
lation. There are various genetic tests with 
demonstrated analytic validity [3,4]. Our 

focus is on a novel biomarker, the CHAC1 
mRNA expression [5].

CHAC1 is a cation transport regulator-
like protein that was recently identified as a 
component of the unfolded protein response 
(UPR) pathway. The UPR is suspected to be 
responsible for a failed response to chemo-
therapy in some cancer patients. Therefore, 
the components of the UPR may be novel 
therapeutic targets [6]. Recent studies report 
a positive correlation between poor tumor 
differentiation and higher CHAC1 mRNA 
expression levels in breast and ovarian can-
cer. In addition, high mRNA expressions of 
CHAC1 or related transcript variants have 
been shown to be an independent poor prog-
nostic marker for breast cancer outcomes [5]. 
Further validation studies are ongoing.

The goal of our study was to develop a 
preliminary prognostic score for primary 
breast cancer patients in the absence of large 
datasets. The prognostic score combines 
established conventional prognostic predic-
tors of overall survival (OS) and additional 
genetic information on the CHAC1 mRNA 
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expression to aid decisions about adjuvant chemotherapy 
until further data are available for validation.

Patients & methods 
Biomarker CHAC1, RNA isolation & mRNA-
expression analyses
ChaC glutathione-specific gamma-glutamylcyclo-
transferase 1 (CHAC1; abbreviation for Ca2+, H + 
antiporter C in Escherichia coli, based on sequence 
homologies; previously also known as MGC4504 
or Botch) has been identified as a cytosolic, pro-
apoptotic protein downstream the PERK – ATF4 – 
CHOP branch of the UPR pathway in human aortic 
endothelial cells [7,8].

The UPR pathway is a stress-signaling pathway in 
the endoplasmic reticulum. This signal-transduction 
cascade is activated in a range of human solid tumors 
including breast cancer [9,10].

CHAC1 expression was observed to be induced 
upon diverse conditions or treatments leading to 
endoplasmic reticulum stress in various cell types, 
including human hepatocellular carcinoma cells [11], 
human breast cancer cells [12], human head and neck 
squamous cells [13], human cervical cancer cells [14], in 
pancreatic carcinoma cells [15], murine retinal ganglion 
cells [16], human fibrosarcoma cells [17], human T lym-
phoblastic leukemia cells [18] and human prostatic and 
pancreatic cancer cells, as well as Hodgkin lymphoma 
cells [19]. Interestingly, whereas most studies confirm a 
pro-apoptotic effect upon CHAC1 induction, there is 
also some evidence for a pro-survival effect of upregu-
lation of CHAC1 expression. Sustained treatment with 
the peptide hormone gastrin, which may lead to tumor 
development, resulted in induction of CHAC1 [20]. 
Moreover, we have previously identified elevated levels 
of both known CHAC1 transcript variants as puta-
tive prognostic biomarkers associated with poorer 
prognosis in breast and ovarian cancer patients [5].

Altogether, based on the impact on glutathione 
levels, CHAC1 is suggested to play an important role 
in the regulation of the redox potential, proliferation 
and survival of cells, especially during endoplasmic 
reticulum stress.

The mRNA expression data of the publication 
from Goebel et al. were used in this work. The meth-
ods are described elsewhere [5]. Briefly, “Primers and 
probe for qRT-PCR for CHAC1 (quantitative reverse 
transcription PCR [qRT-PCR]) were purchased from 
Applied Biosystems (Applied Biosystems, CA, USA; 
Assay ID: Hs00899499_g1). Primers and probes for the 
TATA box-binding protein (endogenous RNA-control) 
were used according to Bièche et al. [21]. All reactions 
were checked if they are specific for mRNA and do not 
amplify genomic DNA.”

Patients & data sources
The core methodological approach underlying our 
early prognostic assessment involved combining a 
large existing dataset of conventional predictors with 
a new, independent dataset that includes the bio-
marker of interest (i.e., CHAC1). Therefore, we used 
a two-step approach to develop an early prognostic 
score for OS: conventional predictors of OS and their 
weights were derived from a dataset of 1777 patients 
and the weight of CHAC1 mRNA expression adjusted 
for the conventional predictors was derived from this 
smaller dataset of 106 patients with measured CHAC1 
mRNA expression.

Details on the dataset that includes CHAC1 
mRNA expression (small dataset; DS1) have been 
published previously [5]. Briefly, 106 consecutive 
patients diagnosed with breast cancer at the Depart-
ment of Gynecology and Obstetrics, Medical Uni-
versity of Innsbruck, Austria between April 1990 
and March 2004 were studied to explore the use of 
CHAC1 mRNA expression in predicting OS. OS was 
defined as the time from surgery to death from any 
cause or the time to last clinical examination. Clini-
cal predictors collected included age (dichotomized), 
tumor size, lymph node status, degree of malignancy, 
menopausal status, estrogen receptor, progesterone 
receptor, hormone receptor and HER2 neu status, as 
well as the application of chemotherapy, endocrine 
and radiation therapies. Information on the CHAC1 
biomarker was obtained from frozen breast-tissue 
samples. All patients included in DS1 had a pri-
mary breast cancer (aged 36–90 years, median age 
at diagnosis, 60.4 years) and the median period of 
observation was 7.5 years (0.9–17.0). Clinical and 
pathological features and treatment information for 
all patients are summarized in Table 1.

The second dataset (large dataset; DS2) consists of 
a convenience sample of 1777 breast cancer patients 
who were diagnosed at the Department of Gynecol-
ogy and Obstetrics, Medical University of Innsbruck, 
Austria in 2000–2011 (age: 22–95 years; median age 
at diagnosis: 57.4 years). The median observation 
period was 3.9 years. Clinical and pathological fea-
tures as well as treatment information for all patients 
are summarized in Table 1.

Statistical analysis 
Overall analytic framework
Information on the new innovative biomarker 
CHAC1 was only available in the DS1. However, 
the DS1 is not powered to demonstrate a significant 
impact for the previously established predictors of OS 
(e.g., malignancy of the tumor), and therefore, no full 
multivariate score including traditional predictors and 
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Table 1. Patient characteristics.

Characteristics Frequencies (%) p-values

DS1 (n = 106) DS2 (n = 1777)

Age (year), mean ± SD 59.5 ± 13.7 57.9 ± 12.8 0.0145

Tumor size (T2, T3, T4) 73 (68.9%) 487 (27.4%) <0.0001

Lymph node status (positive) 56 (56.0%) 570 (32.8%) <0.0001

Degree of malignancy: <0.0001

– Grade II 58 (55.8%) 1295 (74.8%) –

– Grade III 20 (19.2%) 165 (9.5%) –

ER (positive) 69 (65.1%) 1486 (84.4%) <0.0001

PR (positive) 65 (61.3%) 1451 (82.4%) <0.0001

HS (positive) 72 (67.9%) 1558 (87.7%) <0.0001

HER2 neu (score ++/+++) 34 (39.1%) 1019 (59.7%) 0.0001

Radiation therapy (yes) 69 (65.7%) 1169 (68.6%) 0.5307

Chemotherapy (yes) 50 (47.2%) 482 (27.6%) <0.0001

Endocrine therapy (yes) 65 (61.3%) 1507 (85.0%) <0.0001

MP (postmenopausal) 86 (81.1%) NA –

CHAC1 mRNA expression 
(>median [0.8])

53 (50.0%) NA –

p-values from χ2 test for categorical/dichotomous variables and the Wilcoxon–Mann–Whitney test for continuous variables.
DS1: Small dataset; DS2: Large dataset; ER: ER status; HER2 neu: HER2 status; HS: Hormone receptor status; MP: Menopausal status; 
NA: Not available; PR: PR status; SD: Standard deviation.

CHAC1 could be assessed in the DS1. In contrast, the 
DS2 is assumed to be of sufficient size to assess and 
identify or confirm significant conventional predic-
tors, but CHAC1 expression is missing from this data-
set. This reflects a typical situation in the early assess-
ment of new biomarkers, and therefore, our approach 
was to combine information from both DS2 and DS1 
in order to perform the early assessment of a prognos-
tic score that not only includes the new biomarker but 
also considers conventional predictors (multivariate 
adjustment effects).

Our full analytic framework consisted of four steps: 
consistency check of the DS1 and the DS2, identifica-
tion of potential prognostic predictors, score develop-
ment and assessment of clinical relevance of the score.

In steps 1 and 2, the purpose of which was to justify 
the complementary nature of the DS1 and DS2 for 
score development, univariate screening and multi-
variate regression analyses were performed in both 
datasets and the results of the multivariate regression 
analyses were compared for consistency.

In step 3, the CHAC1 Score was developed using 
a starting score (Start Score), which consisted of con-
ventional predictors from the multivariate regression 
analysis of the DS2, complemented by the CHAC1 
Score weight derived from the multivariate regression 
analysis in the DS1.

In step 4, the clinical relevance of the CHAC1 
Score was evaluated by assessing the reclassification 
of patients’ risk based on conventional prognostic 
predictors (Start Score) and the combination of con-
ventional predictors and the new biomarker CHAC1 
(CHAC1 Score). Finally, we assessed and compared 
the provision of chemotherapy in the risk groups pro-
vided by the CHAC1 Score and the Start Score.

Consistency check
For descriptive purposes, univariate screening was 
performed on clinical and biochemical predictors in 
the DS1 and the DS2. In order to identify predictor 
candidates for OS, we performed univariate survival 
analysis using Kaplan–Meier curves and log-rank 
tests. As traditional cut-off values of p < 0.05 may 
fail to identify important parameter in the univari-
ate analysis, we followed the purposeful selection pro-
cess and used p < 0.20 as cut-off value [22,23]. Logistic 
regression was performed to analyze the correlation 
between CHAC1 and other covariates. In the DS1, 
we used a Cox proportional hazard model to perform 
a multivariate survival analysis that included all vari-
ables identified as predictor candidates and interac-
tion terms between CHAC1 and predictor candidates 
in the univariate analysis. This multivariate analysis 
was repeated in the DS2 without the variables for 
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menopause and CHAC1, which were missing in the 
DS2. Hazard ratio (HR) and related 95% CI were 
derived from the Cox proportional hazards analysis.

To assess the consistency of both datasets and to 
justify the combined information used in score devel-
opment, HRs and 95% CIs of the prognostic predic-
tors derived from the multivariate analyses were com-
pared. It was assumed that in consistent datasets, the 
CIs of the significant predictors from the DS2 were 
narrower than corresponding CIs in the DS1, and 
that at least the HRs of the significant predictors in 
the DS2 as well as part of the CIs fell within the CI of 
the respective predictors in the DS1.

Identification of prognostic predictors
Based on multivariate regression analyses, significant 
predictors (p < 0.05) in the DS1 and the DS2 were 
identified. HRs for significant predictors in the DS2 
were combined with the HR of CHAC1 from the DS1 
for score development.

Score development
The CHAC1 Score was developed using the potential 
prognostic predictor CHAC1 as derived from the DS1 
and the Start Score, which consisted of conventional 
predictors identified in the DS2.

Using cut-off values, the CHAC1 Score and the Start 
Score separate patients by risk with respect to their 
OS. We categorized them into two groups (i.e., high 
risk and low risk) to provide an easily applicable and 
comprehensive decision aid for treatment selection.

For the Start Score, weights were based on the 
β-coefficients (i.e., regression coefficients) of the sta-
tistically significant predictors in the multivariate Cox 
model of the DS2. The coefficients were transformed 
and rounded to integer values (points). The final 
score value for each patient was the sum of all integer 
weights. The cut-off value for high-risk patients was 
determined based on two criteria, as follows: there was 
a sufficient percentage of patients in each risk group 
and discrimination between the low- and high-risk 
patient group was based on their respective survival 
curves (taking into account HRs). We then exam-
ined the observed OS in each group as well as their 
respective stratified survival curves. Cut-off results 
were validated against results of automated cut-off 
finding algorithms (X-tile, Cutoff Finder version 2.1, 
Budczies et al. (2012), PLoS ONE 7 (12), e51862 [24]).

Next, the Start Score was applied to the DS1, and 
again, the two criteria were checked.

Because CHAC1 was a statistically significant 
predictor in the DS1, it was added to the Start Score. 
For the resulting score (i.e., the CHAC1 Score), a 
new cut-off value for high-risk patients was identified 

such that either two very strong prognostic predictors 
were present or at least two strong and one less strong 
predictor were present. Within the DS1, the cut-off 
value for the CHAC1 Score was validated following 
the same two criteria of sufficient percentages and 
discrimination as described above.

Assessment of the clinical relevance of the scores
Reclassification of patients’ predicted risk with respect 
to OS was assessed using cross-tables. Reclassification 
of patients further supports our argument in favor of 
including CHAC1 into prognostic assessment as the 
new biomarker has the potential to change clinical 
decision making.

It is assumed that a score of clinical relevance can 
influence future treatment decisions. Therefore, in our 
database, high-risk patients should tend to get chemo-
therapy more often than low-risk patients. Two-by-
two tables were calculated based on conditional prob-
abilities for chemotherapy for the Start Score in the 
DS2 and the DS1 and the CHAC1 Score in the DS1 
alone. In addition, relative risks were also calculated.

We used SAS® software 9.3 (SAS Institute, NC, 
USA) for all statistical analyses.

Results
The results of our study are presented in terms of 
the four steps described in the ‘Patients & methods’ 
section, namely consistency check, identification of 
potential prognostic predictors, score development and 
assessment of clinical relevance.

Consistency check & identification of potential 
prognostic predictors
In the DS2, univariate screening revealed the following 
OS predictor candidates: age, tumor size, lymph node 
status, malignity of the tumor, estrogen receptor sta-
tus, progesterone receptor status, hormone recep-
tor status and HER2 neu status. In the DS1, age, 
tumor size, lymph node status, menopausal status and 
CHAC1 mRNA expression were predictor candidates 
(see Supplementary Table 1; for correlation of CHAC1 
mRNA expression, see Supplementary Table 2).

Table 2 summarizes the results of the multivariate 
Cox regression survival analyses on OS including 
HRs, 95% CIs and p-values for the DS1 (analysis I), 
the DS1 with all predictors applied in the DS2 except 
menopausal status and CHAC1 mRNA expression 
(analysis II), and the DS2 (analysis III). All interac-
tion terms between CHAC1 and correlated covari-
ates were not statistically significant and, therefore, 
were not included in the final score. Age ≥ 60.4 years, 
tumor size T2/T3/T4, HER2 neu positivity, lymph-
node positivity and degree of malignity II/III were all 
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Table 2. Multivariate Cox regression–survival analyses for overall survival.

Variables Analysis I: DS1 (n = 106) Analysis II: DS1 (n = 106) Analysis III: DS2 (n = 1777)

p-value if 
included in Reg.

HR [95% CI] p-value if 
included in Reg.

HR [95% CI] p-value if 
included in Reg.

HR [95%CI]

Age (>60.4) 0.0311* 2.73 [1.10–
6.81] 

0.0106* 2.68 
[1.26–5.70]

<0.0001* 2.72 [1.82–4.06]

Tumor size (T2, T3, T4) 0.0950 2.33 
[0.86–6.29]

0.0688 2.47 
[0.93–6.53]

0.0025* 1.87 [1.25–2.79]

Lymph node status 
(positive)

0.2716 1.57 
[0.70–3.50]

0.1610 1.74 
[0.80–3.76]

0.0108* 1.67 
[1.13–2.47]

Degree of malignancy 
(II/III)

0.8625 1.50 
[0.62–1.76]

0.9598 0.99 
[0.60–1.63]

0.0441* 1.51 
[1.01–2.26]

HS (positive) 0.0304* 3.23 
[1.12–9.34]

0.2030 1.82 
[0.72–4.58]

0.1740 0.69 
[0.40–1.18]

HER2 neu (score ++/+++) 0.9005 1.05 
[0.48–2.31]

0.9868 0.99 
[0.46–2.14]

0.0018* 1.98 
[1.29–3.04]

MP (postmenopausal) 0.9248 1.06 
[0.32–3.46]

 NA – NA –

CHAC1 mRNA expression 
(>median)

0.0258* 2.49 
[1.12–5.57]

 NA  –  NA –

*Denotes variables that are statistically significant.
DS1: Small dataset; DS2: Large dataset; HR: Hazard ratio; HER2 neu: HER2 status; HS: Hormone receptor status; MP: Menopausal status; NA: Not available; 
Reg: Regression.

significant negative predictors for OS in the DS2 (III). 
The inclusion of these predictors in a Cox regression 
model to explain OS in the smaller dataset DS1 (anal-
ysis II) showed that for age, tumor size and lymph 
node status, the CIs of the HRs for the DS2 (analy-
sis III) fell within the CIs of the DS1 (analysis II), 
and that the HRs provide similar risk information. 
For tumor malignity and HER2 neu status, the CIs 
of the HRs in the DS2 and DS1 were overlapping, 
the estimated HRs from DS2 fell within the CIs of 
DS1 but the estimated HRs in the DS1 were 0.99 and 
not statistically significant. Hormone receptor status 
remained statistically nonsignificant. In summary, 
there were no substantial statistical deviations when 
considering the HR point estimates and CIs of the 
two analyses, II and III. Column I in Table 2 displays 
the results of the Cox regression analysis for OS in 
the DS1 adding menopause status and CHAC1 to 
the list of explanatory predictors (analysis I). CHAC1 
was a statistically significant prognostic predictor (p 
= 0.0258). Also age remained a statistically signifi-
cant predictor and the CIs from DS2 (analysis III) 
fell within those of analysis I. Comparing analyses 
I and III, again, for the predictors age, tumor stage 
and lymph node status, the CIs of the HRs of DS2 lie 
within the CIs of the smaller dataset DS1 and HRs 
are of same direction and comparable magnitude. In 
addition, for tumor malignity and HER2 neu, the 

CIs of the HRs in DS2 and DS1 are also overlapping. 
The estimated HRs from DS2 fell within the CIs of 
DS1. Hormone receptor status became a statistically 
significant predictor in the DS1 but not in the DS2. 
Altogether, the DS1 (analysis I) and DS2 (analysis III) 
provided relatively consistent results, no statistically 
significant contradictions were identified, and there-
fore, these results offered support for the decision to 
integrate information on prognostic predictors from 
both datasets for early score development.

Score development
The Start Score for OS consists of five prognostic 
predictors: age ≥ 60.4 years (5 points), tumor size ≥ 
T2 (4 points), HER2 neu positive (4 points), lymph-
node positive (3 points) and degree of malignity II/III 
(3 points). Hence, the total maximum of score is 19 
points (see Table 3). The Kaplan–Meier survival curve 
(see Figure 1A) displays the discrimination between 
low-risk (<10 score points) and high-risk patients 
(≥10 score points) in the DS2. A total of 928 patients 
(52%) were classified as low-risk (median survival time 
[MST] not yet reached, 10-year survival 89%) and 849 
(48%) patients were classified as high-risk (MST not 
yet reached, 10-year survival 65%). The log-rank test 
showed a statistically significant difference between the 
two groups (p < 0.0001). When the score was applied 
to DS1 (Figure 1B), 41 patients (39%) were classified as 
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Table 3. Score description.

Predictors Start Score† CHAC1 Score

Condition Points Condition Points

Age ≤Median age 0 ≤Median age 0

>Median age 5 >Median age 5

Tumor size T1 0 T1 0

T2, T3, T4 4 T2, T3, T4 4

Lymph node status Negative 0 Negative 0

Positive 3 Positive 3

Degree of malignancy I 0 I 0

II, III 3 II, III 3

HER2 neu Negative 0 Negative 0

Positive 4 Positive 4

CHAC1 mRNA expression – NA Low 0

NA High 5

Maximum score points 19  24

Cut-off values Low risk <10 Low risk <11

High risk ≥10 High risk ≥11

HER2 neu, based on †OS = 2.72 age + 1.87 tumor stage + 1.67 lymph node status + 1.5 degree of malignancy + 1.98 HER2 neu
HER2 neu: HER2 status; NA: Not available; OS: Overall survival; median age: 60.4 years.

low risk (MST not yet reached, 10-year survival 77%) 
and 65 (61%) patients were classified as high risk (with 
median OS of 9.4, 10-year survival 41%). Again, the 
log-rank test showed a statistically significant differ-
ence between the two groups (p < 0.001).

The CHAC1 Score includes the additional 
prognostic predictor of high CHAC1 mRNA expres-
sion (5 points). Hence, the maximum score is 24. The 
survival curve is presented in Figure 1C. Based on a cut-
off value of 11 (i.e., ≥11 high risk), 34 patients (32%) 
were classified as low risk (median OS 14.8 years, 
10-year survival 82%) and 72 (68%) patients were 
classified as high risk (median OS 9.5 years, 10-year 
survival 43%), with a statistically significant difference 
between the two groups (log-rank test p = 0.0017).

Assessment of the clinical relevance of the 
score
A comparison of the classification of the Start Score 
and the CHAC1 Score in the DS1 (Table 4) offers 
insight on the new biomarker, which resulted in 
the reclassification of 17 of 106 patients (16%). 12 
(11.3%) low-risk patients were reclassified as high-
risk patients using the CHAC1 Score and five (4.7%) 
high-risk patients were reclassified as low risk when 
using the CHAC1 Score.

The retrospective analyses of the probability of 
chemotherapy provision given the risk classification 
based on our scores in DS1 and the DS2 showed that 

less than half of the patients received chemotherapy 
(DS2: 28%; DS1: 47%). With both scoring systems, 
high-risk patients had an increased probability of 
receiving chemotherapy. The associated relative risks 
were 2.27 (Start Score in DS2), 1.80 (Start Score in 
DS1) and 1.34 (CHAC1 Score in DS1; see Table 5).

When the CHAC1 Score was used, fewer patients 
were classified as low risk (CHAC1 Score low risk 
41% vs Start Score 61%). However, within the group 
of low-risk patients, almost the same percentage of 
patients received chemotherapy with each scoring 
strategy (Start Score 35%, CHAC1 Score 37%).

Discussion
The purpose of this study was to inform personalized 
decision making about treatment in women with 
breast cancer and to perform an early assessment of 
the prognostic value of the novel biomarker CHAC1 
mRNA expression. This biomarker has not yet been 
evaluated in large databases that allow one to assess 
the incremental predictive power of CHAC1 in a mul-
tivariate setting. We have developed a new prelimi-
nary prognostic score for OS, which integrates infor-
mation from two different datasets. This new score 
supports the classification of primary breast cancer 
patients according to their OS in order to guide 
decisions about adjuvant chemotherapy. In addi-
tion to conventional prognostic predictors, the new 
score includes the novel biomarker CHAC1 mRNA 
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expression, and the inclusion of this new biomarker is 
expected to lead to a substantial change in treatment 
chemotherapy decisions.

In order to build a clinically useful and easily 
calculated score to guide binary decisions about che-
motherapy treatment, we defined two risk groups. 

The key part of our framework was the fact that – due 
to the nature of early assessments of new biomarkers – 
we needed to integrate information from two datasets 
to develop a new score. We showed that adding the 
information about CHAC1 to an initial Start Score 
led to a new score with good discrimination of OS 
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Figure 1 (see previous page). Overall survival in breast cancer patients. (A) Start Score applied in a large data set 
(cut-off value 10; 928 low-risk, 849 high-risk patients; log-rank <0.0001; HR [CI]: 3.33 [2.26–4.9]). (B) Start Score 
applied in a small data set (cut-off value 10; 41 low-risk, 65 high-risk patients, log-rank <0.0010; HR [CI]: 3.10 
[1.53–6.25]). (C) CHAC1 Score applied in a small dataset (cut-off value 11; 34 low-risk, 72 high-risk patients, 
log-rank 0.0017; HR [CI]: 3.37 [1.51–7.54]). 
HR: Hazard ratio.
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Table 4. Reclassification of patients with Start Score and CHAC1 Score.

Start Score CHAC1 Score (%) 

Low High Total

Low 29 (27.4%) 12 (11.3%) 41 (11.3%)

High 5 (4.7%) 60 (56.6%) 65 (61.3%)

Total 34 (32.1%) 72 (67.9%) 106 (100.00%)

Table 5. Cross-table risk classification according to scores and chemotherapy provision.

Chemo 
provided

Start Score Start Score CHAC1 Score

Large dataset Small dataset Small dataset

No Yes RR [95% CI] No Yes RR [95% CI] No Yes RR [95% CI]

Low-risk group 758 
(82.8%)

157 
(17.2%)

– 28 
(68.3%)

13 (31.7%)  – 21 
(61.8%)

13 
(38.2%)

–

High-risk group 509 
(61.0%)

325 
(39.0%)

– 28 
(43.1%)

37 
(56.9%)

– 35 
(48.6%)

37 
(51.4%)

–

Total 1267 
(72.4%)

482 
(27.6%)

2.27 
[1.92–2.95]

56 
(52.8%)

50 (47.2%) 1.80 
[1.09–2.95]

56 
(52.8%)

50 
(47.2%)

1.34 
[0.83–2.17]

RR: Relative risk.
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between low- and high-risk patients. In a prospective 
study, we expect an even better discriminatory power 
of the CHAC1 Score because of improved chemother-
apy decisions after taking CHAC1 into account. Since 
with the CHAC1 Score fewer patients are classified as 
low risk, one could argue that this score is more con-
servative in terms of deciding against chemotherapy 
in low-risk patients. However, we show that there is a 
higher probability of receiving chemotherapy among 
high-risk patients (relative risks: 2.27 [Start Score in 
DS2], 1.80 [Start Score in DS1] and 1.34 [CHAC1 
Score in DS1]). Moreover, given that our study is a 
retrospective analysis, we do not know all factors that 
are considered the final decision regarding chemother-
apy. After clinical prognostic predictors, additional 
factors such as patient preferences and comorbidities 
are likely to impact this decision. Therefore, our anal-
ysis does not replace any future prospective study, but 
instead provides a first plausibility check regarding the 
use of CHAC1, which can be further investigated in 
prospective prognostic studies.

Similar to most breast cancer studies where genetic 
tests are compared with conventional risk classifica-
tion [4,25–28], our score combines genetic information 
and conventional prognostic predictors. We are not 
aware of a similar clinically meaningful and easily 
calculated score for primary breast cancer patients. 
However, Adjuvant! Online [29] is a decision aid that 
supports treatment decisions. Health professionals can 
enter patient and tumor characteristics (conventional 
information) in this online tool and receive infor-
mation about 10-year survival for specific treatment 
options. Currently, genomic information, specifically 
the Oncotype DX, is being integrated and an updated 
version will be available in the future. We internally 
discussed building a score based on Adjuvant! Online 
predictors and adding CHAC1. However, since the 
prognostic predictors selected from our large dataset 
were very similar, we did not consider this approach 
any further. This may be an area for further research.

In order to put the potential role of CHAC1 in 
prognostic scores in context with other well estab-
lished prognostic scores and to validate our Start 
Score, we compared the Start Score and the CHAC1 
Score with the widely used Nottingham prognos-
tic index (NPI) [30,31]. Therefore, we first compared 
score predictor variables, predictor weights and 
score cut-off rules (Supplementary Table 3). Sec-
ond, the NPI was applied to our dataset D1. Com-
parative results of the survival analysis are displayed 
in Supplementary Figure 1 and reclassification results 
are displayed in Supplementary Table 4.

The NPI provides a clinicopathological staging 
system for primary breast cancer [30,31] based on three 

important criteria: lymph node involvement, tumor size 
and grade [32,33]. These predictors are also part of the 
Start Score and the CHAC1 Score. However, the Start 
Score and the CHAC1 Score include further informa-
tion, for example, age. Age was a statistically significant 
predictor in our analysis as well as in other published 
studies [33,34]. Age was statistically not significant in 
the original Cox analysis of the NPI [30]. The NPI is 
measured by tumor size [cm] × 0.2 + lymph node sta-
tus + grade. In the Start and the CHAC1 Score, we 
dichotomized these predictors and developed score 
points (tumor size ≥ T2 [4 points], lymph-node posi-
tive [3 points], degree of malignancy II/III [3 points]), 
which are summed up (see also Supplementary Table 3). 
The survival analysis applying the scores to the dataset 
D1 shows that the Start Score and the CHAC1 Score 
discriminate high- and low-risk patients at least as good 
as NPI (Start Score, HR [95% CI]: 3.10 [1.53–6.25]; 
NPI, HR [95% CI]: 2.59 [1.16–5.77]; CHAC1 Score, 
HR [95% CI]: 3.37 [1.51–7.54]; for Kaplan–Meier 
survival curves, see Supplementary Figure 1). The 
reclassification analysis (Supplementary Table 4) shows 
a high concordance (79%) of the Start Score and the 
NPI as well as the CHAC1 Score and the NPI (78%). 
Although these results are not derived from a full exter-
nal validation, they provide a useful judgment of the 
face validity of the CHAC1 Score.

In our study, we also provided a case example 
for the early assessment of the value of including 
novel biomarkers into a set of existing predictors 
rather than simply providing univariate correlations 
between the new biomarker and the outcome of inter-
est. In particular, the good discrimination between 
the low- and high-risk breast cancer patients using 
the CHAC1 Score supports further research on this 
novel biomarker.

There are several limitations to our study. First, 
we were not able to derive commonly applied prog-
nostic predictors from the same dataset that includes 
information on CHAC1 expression. Because we focus 
on a novel biomarker, we had to combine informa-
tion derived from a large study (1777 patients) with a 
sample of 106 patients where CHAC1 mRNA expres-
sion was available. Based on the small dataset only, 
we would not have been able to prove the incremen-
tal impact of the new biomarker in addition to the 
impact of commonly accepted prognostic predictors 
on OS. We performed semi-formal plausibility checks 
to assess the comparability of the two datasets.

Since clinical studies of the biomarker CHAC1 are 
still ongoing, we currently do not have a sufficiently 
large dataset to validate our score with an independent 
validation sample. In addition, our score relies on a 
current but not readily available test of CHAC1 mRNA 



10.2217/cer-2017-0015 J. Comp. Eff. Res. (Epub ahead of print) future science group

Research Article    Jahn, Arvandi, Rochau et al.

expression. However, the larger goal is to include this 
biomarker in a test set available to hospital laboratories.

Our most important limitation is that the 
retrospective analysis may be biased due to clinical 
decisions that have already guided treatment and 
consequently altered OS. High-risk patients may 
have received better treatments that may in turn lead 
to better survival and vice versa, and the explanatory 
power of the score may then be decreased. However, 
for ethical reasons, it is not possible to obtain a ‘pure’ 
prognostic dataset that reflects the natural history of 
disease without interventions.

Although we have used two datasets to inform 
our work, the study deriving the prognostic role of 
CHAC1 remains a small study (n = 106). However, 
this explanatory prognostic assessment supports con-
tinuation of research on CHAC1 and prospective 
trials to determine the utility of adding CHAC1 to 
the existing clinicopathologic risk parameters. Collec-
tion of an independent sample of clinical information 
and breast cancer tissue is currently ongoing that will 
allow for the validation of the CHAC1 biomarker. 
Our score will be validated when these data become 
available. The validated score can then be used to 
calculate a personalized prognostic score and support 
comprehensible and individualized patient informa-
tion and shared decision making about the selection 
of appropriate treatment. In addition, the new score 
could be used as eligibility criteria for patient selection 
or to balance randomization groups in clinical trials.

Conclusion
In this early explanatory prognostic assessment of 
the novel biomarker CHAC1 mRNA expression, we 
developed a preliminary risk score that included the 
potential prognostic predictor CHAC1 as well as con-
ventional prognostic predictors. Our analysis showed 
that the new score discriminates well between high- 
and low-risk breast cancer patients and that the inclu-
sion of CHAC1  mRNA expression has the potential 
to lead to substantial reclassification and a subsequent 
change in clinical management. Our results therefore 
support continuation of research on the novel bio-
marker CHAC1. As soon as results from larger tri-
als become available, the score should be validated 
and potentially further improved. Our score may aid 
clinical decision making regarding treatment selec-
tion and support further trial planning and research 
on CHAC1.
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Summary points

•	 The novel biomarker CHAC1 is a promising prognostic predictor.
•	 A prognostic score for primary breast cancer patients that integrates conventional prognostic predictors with CHAC1 mRNA 

expression to aid decisions about adjuvant chemotherapy was developed.
•	 The final score was the sum of the rounded weights of all predictors.
•	 The prognostic value of adding CHAC1 to the score was assessed using reclassification analysis.
•	 The new score includes: high CHAC1 mRNA expression (5 points), age ≥ 61 years (5 points), tumor size ≥ T2 (4 points), HER2 neu 

positive (4 points), lymph-node positive (3 points) and degree of malignancy II/III (3 points).
•	 Using a cut-off value of 11 points, 10-year survival was 82% in low-risk (n = 34) and 43% in high-risk patients (n = 72).
•	 The addition of CHAC1 resulted in 16% reclassification.
•	 Integration of CHAC1 with conventional prognostic predictors can improve guidance and personalized clinical decision about 

adjuvant chemotherapy for primary breast cancer patients.
•	 The comparison of the CHAC1 Score with the Nottingham prognostic index showed good face validity.
•	 Further research on the novel biomarker CHAC1 for the score validation using an independent large dataset is needed.
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