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The cancer field effect (CFE) has been highlighted as one of indirect indications for tissue variations that are insensitive to
conventional diagnostic techniques. In this research, we had a hypothesis that chemotherapy for breast cancer would affect skin
biochemical compositions that would be reflected by Raman spectral changes. We used a fiber-optic probe-based Raman
spectroscopy to perform preliminary animal experiments to validate the hypothesis. Firstly, we verified the probing depth of the
fiber-optic probe (~800 μm) using a simple intravenous fat emulsion-filled phantom having a silicon wafer at the bottom inside
a cuvette. Then, we obtained Raman spectra during breast cancer treatment by chemotherapy from a small animal model in
longitudinal manner. Our results showed that the treatment causes variations of biochemical compositions in the skin. For
further validation, the Raman spectra will have to be collected from more populations and spectra will need to be compared
with immunohistochemistry of the breast tissue.

1. Introduction

Cancer field effect (CFE) has been highlighted since it
could unveil minute chemical changes in the region of
interest that cannot be captured by clinical or histological
diagnostic techniques. Since first finding of CFE from oral
cancers in 1953 [1], studies related to CFE have been
gradually increased [2, 3]. While other techniques includ-
ing microscopy, polymerase chain reaction (PCR), and
immunohistochemistry were utilized to study CFE [3–6],
Raman spectroscopy has been spotlighted as a useful tool
since it has been shown that the spectroscopy can detect
changes that are insensitive to histological evaluation
implying that chemical changes are not local and proceed
earlier than anatomical or physical changes [7–9]. Such

studies proved the ability of Raman spectroscopy as a
dominant candidate for a sensitive and minimally invasive
optical biopsy tool. Based on the results from the previous
studies, we hypothesized that breast cancer treatment may
induce biochemical changes in the skin because they are
adjacent to each other. The objective of this study was to
find the possibility utilizing skin biochemical alternations
to monitor breast cancer treatment. To our best of knowl-
edge, there has been no report about skin biochemical
alternation due to breast cancer treatment to date. In this
paper, we show that the probe has limited maximum
probing depth of about 800μm (shallower than the thick-
ness of the skin of a rat, 1.5mm~ [10]) and longitudinal
biochemical changes by breast cancer treatment in a small
animal model (n = 4).
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2. Materials and Methods

2.1. Configuration and Calibration of a Fiber-Optic Raman
System. Figure 1 shows the schematic of a fiber-optic Raman
system used in the study. The Raman system has a power
adjustable 785nm laser diode (FC-785-350-MM2-PC-1-0-
RM, 350mW of maximum power, RGBLase) as a laser
source, a high-throughput spectrograph (XPE85-NIR, F/1.4,
Nanobase) coupled with a thermoelectrically (TE) cooled
charge coupled device (CCD) camera (iDus 401 BR-DD,
Andor) for light collection and data transfer. A fiber-optic
probe (Emvision LLC) with one centered excitation fiber
(200μm core) and seven surrounding collection fibers
(300μm core) and a plano-convex lens that covers in front

of the fibers limiting the working distance of the probe to
be 0–400μm specified in the specification sheet. The excita-
tion fiber is coupled to the laser source, and seven surround-
ing collection fibers are coupled with a spectrograph for
back-scattered spontaneous Raman signal delivery. In order
to assure transmission of the wavelength of 785nm through
excitation path and the wavelengths longer than 785nm
through collection path, a band pass filter and a long pass filter
were placed in the paths, respectively. Raman shifts measured
range approximately from 500 cm−1 to 2800 cm−1. The
spectral resolution of the device was 11 cm−1.

2.2. Probing Depth Validation Using a Simple Liquid
Phantom. In order to make sure its probing depth is limited
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Figure 1: Schematic of the Raman system. One centered excitation fiber and seven surrounding collection fibers were configured as a
bifurcated fiber. A power adjustable 785 nm laser source (maximum power: 350mW) coupled with the excitation fiber was used as the
excitation source, and a thermoelectrically (TE) cooled CCD camera coupled to a high-throughput spectrograph collects spontaneous
Raman signals transmitted through the seven collection fibers.
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Figure 2: (a) Spectra of 20% intralipid solution after autofluorescence suppression and (b) spectra of a silicon wafer (SiO2) measured with
laser optical powers of 28.7mW (empty diamond, magenta), 52.5mW (empty square, blue), and 70mW (empty circle, green). No peak
shift or spectral change was observed from power adjustment.
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to the specific depth, we made a simple intravenous fat
emulsion-filled liquid (intralipid 20%, Fresenius Kabi) phan-
tom having a silicon oxide wafer as the bottom. The intralipid
was utilized since that has been used in previous Raman
researches as a human tissue mimetic phantom [11]. Also,
the silicon wafer was used because intralipid has no character-
istic peak nearby 520 cm−1 while the silicon wafer has strong
characteristic peak nearby 520 cm−1. Spectra of 20% intralipid
and a silicon wafer were acquired with different optical power
of the source (28.7mW, 52.5mW, and 70mW) as the refer-
ences. Figure 2 shows the measured spectra of 20% intralipid
(Figure 2(a)) and silicon wafer (Figure 2(b)). Figure 3 shows a
schematic of measurement setup for probing depth valida-
tion. For determining the working distance of the Raman

probe, Raman spectra were collected varying distances
between the silicon wafer and the probe from 0μm (fully con-
tact) to 1000μm with a step of 100μm distance increment.
The laser power was set to 28.7mW for the validation. The
distance was carefully varied by using a one-axis linear
translation stage (MT01, Thorlabs).

2.3. Animal Model. Fischer 344 female rats (160 g–220 g,
Japan SLC) were used in the study. After baseline measure-
ment, about one million 13762 MAT B-III breast cancer cells
(CRL-1666, ATCC) were inoculated to lateral caudal abdom-
inal breast (right nipple on Figure 4) of each rat to induce
breast tumor growth. When the tumor size became 8mm,
single high dose (100mg/kg) of cyclophosphamide (C0768-
5G, Sigma Aldrich) solution, an alkylating agent that
interferes cancer cell growth by preventing deoxyribonucleic
acid (DNA) replication and ribonucleic acid (RNA) creation,
was intraperitoneally injected as chemotherapy treatment.
During the experimental period, the tumor size was mea-
sured by a caliper. The breast cancer animal model was cho-
sen since the model is a well-established animal model in
breast cancer study (13762 MAT B-III breast cancer cell line
is highly tumorigenic in Fischer 344 since the cell line is
derived from the strain of Fischer 344 itself) [12–14]. Cyclo-
phosphamide was used because the chemical has been used
as a chemotherapeutic agent for treating human [15–17]
and rat [14, 18] breast tumors in previous researches. All
the animal experiments were approved by the Gwangju Insti-
tute of Science and Technology Institutional Review Board.

2.4. Longitudinal Animal Measurements. For all the animals,
fur on the belly was shaved and depilated to reduce scattering
due to fur. Figure 4 shows an example of a shaved and then
depilated belly of an animal. During measurement, each ani-
mal was under general anesthesia by 1% to 2% of isoflurane
mixed with breathing gas (21% O2 and 79% N2). In case of
animals with breast tumor, Raman spectra from three sites
around the tumor were acquired in each measurement. In
case of animals without the tumor, the Raman spectra were

Silicon wafer

20% intralipid 

Raman probe

Distance between the probe
and the silicon wafer 

Figure 3: Schematic of a setup to check the sensitive depth of the
Raman probe. A silicon wafer was placed at the bottom in a
cuvette. The cuvette was filled with 20% intralipid solution. Raman
probe was immersed in the intralipid solution. The distance
between the silicon wafer and the probe end tip was varied from
0μm to 1000μm incrementing the distance by 100μm using a
one-axis linear translation stage.

Figure 4: An example of shaved and depilated animal. Among eight
nipples, one abdominal nipple with breast tumor was monitored
in the study. Raman signals were measured in triangular shape
around a tumor (red colored dots). Below the right nipple,
breast cancer cells (~1 million) were inoculated into mammary fat
pad subcutaneously.
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acquired around the nipple three times with triangular shape.
Multiple measurements were done to minimize the effect of
heterogeneity of the tissue. Figure 4 also shows an example
of Raman signal acquisition points. The total integration
time for one Raman signal measurement was 10 seconds
(100 times summation of Raman signal acquired in 0.1
second). Animals were grouped into three groups: rat
group (n = 4), no chemo group (n = 3), and chemo only
group (n = 2). Breast tumor growth was induced for both
rat group and no chemo group by inoculating about one
million breast cancer cells to the mammary fat pad. The
tumor was treated by cyclophosphamide injection when
tumor size reached to about 8mm for rats in rat group and
the Raman measurement was started. For no chemo group,
the Raman spectra were acquired when tumor size became

about 8mm and no chemotherapy was performed. Chemo
only group did not have breast cancer cell inoculation while
cyclophosphamide was administered to observe effects of
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Figure 5: Decay of silicon wafer’s characteristic peak and increase of intralipid’s one characteristic peak while the distance between the silicon
wafer and the probe end tip increases in the phantom measurement as shown in Figure 3. The laser power was fixed to 28.7mW. Notice that
from full contact to 100 μm separation, the Raman characteristic peak of the silicon increases and it might happen in the combination of the
mismatch of refractive indices between intralipid, silicon wafer, and the probe and the effect of the plano-convex lens in front of the excitation
and detection fibers. Mixture of characteristic peaks of the silicon and intralipid still exists till the distance of 800 μm, and it implies that when
measuring highly scattering medium in near-infrared (NIR) range such as the biological tissues, the working distance of the probe would be
longer than the one described in the specification.

Table 1: The tumor volume variation from the four rats in the
rat group.

Rat 1 (tumor
volume, mm3)

Rat 2 (tumor
volume, mm3)

Rat 3 (tumor
volume, mm3)

Rat 4 (tumor
volume, mm3)

Baseline 432.63 172.76 656.57 467.24

Day 1 603.85 615.19 1017.24 631.27

Day 2 1065.68 569.64 1350.13 789.19

Day 3 781.20 434.11 865.37 862.11

Day 4 539.50 390.18 864.33 606.29
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only cyclophosphamide on skin chemical compositions. The
laser power was adjusted lower than 28mW not to damage
the tissue. In case of tumor-bearing rats, the tumor volume
was calculated by an equation of ellipsoid volume.

2.5. Preprocessing and Data Analysis. Raw bio-Raman signals
are mostly mixed signals of autofluorescence and pure
Raman signals when 785nm of excitation beam is used. Since
the autofluorescence obscures Raman spectrum, all the spec-
tra were fitted using modified polyfit method, and the fitted
autofluorescence was subtracted following fluorescence sub-
traction procedure by Lieber and Mahadevan-Jansen [19]
except Raman spectra of silicon wafer. Also, all the animal
Raman spectra were smoothed by a Savitzky-Golay filter
(third order, window size: 5). The smoothed Raman spectra
were mean centered by subtracting one’s mean intensity
from each spectrum’s intensity and normalized with respect
to the mean intensity. All the preprocessing scripts were
written and performed using Mathematica 9.0 (Wolfram)
and MATLAB R2013b (Mathworks). The spectral range
from 900 cm−1 to 1800 cm−1 was used since the range has rich
chemical information of lipid, protein, and more [20]. Note
that no chemometric technique was used in the study due

to limited number of samples and objective of the study (lon-
gitudinal observation of biochemical composition changes).

3. Results and Discussion

3.1. Probing Depth Validation Using a Simple Liquid
Phantom. The characteristic peaks of intralipid and silicon
wafer are shown in Figure 2(a) and Figure 2(b), respectively.
Source power changes did not cause any effect on the charac-
teristic peaks except intensity increments. Figure 5 shows the
characteristic peaks of silicon wafer (Figure 5(a)) and intrali-
pid (Figure 5(b)) gradually decrease and increase as the dis-
tance between the silicon wafer and the probe end becomes
longer, respectively. When the distance reached 800μm, the
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Figure 6: Variations of Raman spectra from rat group with regard to the baseline (baseline means the day high-dose chemotherapy was
started). The spectrum for each day was subtracted from the baseline signal. Positive values mean that the intensity was decreased, and the
negative values mean that the intensity was increased with respect to the baseline signal. Day n means n day postchemotherapy.

Table 2: The tumor volume variation from the three rats in the no
chemo group.

No chemo 1 (tumor
volume, mm3)

No chemo 2 (tumor
volume, mm3)

No chemo 3 (tumor
volume, mm3)

Baseline 58.99 22.86 51.62

Day 1 125.34 48.49 107.23

Day 2 216.03 105.32 169.59

Day 6 2161.48 1096.82 2509.94
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characteristic peaks of the silicon wafer and intralipid reached
their extrema showing no changes with longer separations.
The result shows that the probing depth of the Raman probe
used in this study is mostly limited to 0–800μm. The range of
the working distance was longer than the values in the
specification (0–400μm). This may come from scattering
dominant nature of phantom [21–23]. We also notice that
while the separation varies from 0μm to 100μm, the Raman
characteristic peak of the silicon increases and it might
happen in the combination of themismatch of refractive indi-
ces between intralipid, silicon wafer, and the probe and the
effect of the plano-convex lens in front of the excitation and
detection fibers.

3.2. Longitudinal Animal Measurements

3.2.1. Rat Group. Table 1 and Figure 6 show the tumor
volume changes and relative variations of Raman spectra
from the baseline, respectively. The Raman spectra before
subtraction are not shown here because the variation was
minute. Baseline means day 0 from the chemotherapy. In
other words, the chemotherapeutic agent was injected on
the day 0. Tumor size for rat 2 regressed earliest and the
Raman spectrum was immediately changed on day 1
(Figure 6(b)). Rat 3 had the biggest tumor size when

chemotherapy was started, and the Raman spectra showed
minute change as the days passed (Figure 6(c)). Also, the
Raman spectrum on day 1 did not show distinct change with
respect to the baseline signal. Rat 4 showed delayed response
regressing the tumor size from the day 4. The Raman spectra
variation was matched as the tumor regression day showing
the clear change of Raman spectrum on day 4 while there
was no significant Raman spectral variation from day 1 to
day 3. Among rat 1 to rat 4, rat 1 showed moderate response
that the tumor regressed from day 3. The significant variation
was happening around 1064 cm−1 (lipid), 1265–1267 cm−1

(collagen, protein, and lipid), 1299–1303 cm−1 (lipid, fatty
acids, collagen, and protein), 1440 cm−1 (lipid), 1445 cm−1

(protein), and 1654–1656 cm−1 (protein and lipid) [20, 24].
The peaks or Raman shifts are known as the positions related
to lipid and protein components [20]. It reflects that tumor
regression due to chemotherapeutic agent causes variations
of lipid and protein components in the skin because the
probing depth for the probe is limited to the depth of skin
as shown in the Section 3.1.

3.2.2. No Chemo Group. Table 2 and Figure 7 show the tumor
volume changes and the Raman spectra on the measurement
days, respectively. While day 1 and day 2 Raman spectra did
not show any significant variation with respect to the baseline

Raman spectra of the right breast (no chemo 1)

Raman shift (cm‒1)

Baseline

In
te

ns
ity

 (A
.U

.)
4

3

2

1

0

‒1

900 1000 1100 1200 1300 1400 1500 1600 1700 1800

Day 1
Day 2
Day 6

(a)

Raman spectra of the right breast (no chemo 2)

Raman shift (cm‒1)

Baseline

In
te

ns
ity

 (A
.U

.)

4

3

2

1

0

‒1

900 1000 1100 1200 1300 1400 1500 1600 1700 1800

Day 1
Day 2
Day 6

(b)

Raman spectra of the right breast (no chemo 3)

Raman shift (cm‒1)

Baseline

In
te

ns
ity

 (A
.U

.)

4

3

2

1

0

‒1

900 1000 1100 1200 1300 1400 1500 1600 1700 1800

Day 1
Day 2
Day 6

(c)

Figure 7: Variation of Raman spectra with breast tumor growth and without breast cancer treatment (no chemo group, baseline means the
day high-dose chemotherapy was started). Day n means n day postchemotherapy.
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Figure 9: Variations of Raman spectra with regard to the baseline (chemo only group, baseline means the day high-dose chemotherapy was
started). No breast tumor growth was induced. Day n means n day postchemotherapy.
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Figure 8: Variations of Raman spectra with regard to the baseline (no chemo group). The spectrum for each day was subtracted from the
baseline signal. Positive values mean that the intensity was decreased, and the negative values mean that the intensity was increased with
respect to the baseline signal. Day n means n day postchemotherapy.
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signal, Raman spectra on day 6 from the baseline show deg-
radation of peaks around 1299–1303 cm−1 and the peak
height around 1440 cm−1 and 1445 cm−1. When tumor size
reached to similar size as the one in the rat group, the Raman
spectra vary in a different way from the spectra in the rat
group showing the possibility of monitoring breast cancer
treatment from the external tissue. Because there were stud-
ies showing tissue composition changes either 1 cm or 7 cm
away from the tumor region [3, 5], Raman spectral variations
on the skin due to breast cancer treatment and breast cancer
growth without treatment are also possible. Figure 8 shows
the variations of Raman spectra from the baseline. Compar-
ing Figure 6 and Figure 8, significant difference in Raman
spectral region of 1000–1003 cm−1 (protein) [24] between
the rat group and no chemo group can be found.

3.2.3. Chemo Only Group. Figure 9 shows variations of
Raman spectra from day 0 (chemotherapeutic agent injec-
tion) for two rats. The Raman spectral variations were
distinct from the changes in the rat group and no chemo
group. Our data show that administration of cyclophospha-
mide causes the peak variations in 1090–1100 cm−1 (lipid/
phospholipid DNA backbone), 1280–1282 cm−1 (collagen),
and 1447–1450 cm−1 (DNA/RNA protein lipid) [24]. There
were previous researches showing that high dose of cyclo-
phosphamide affects the skin especially for protein/collagen
components [25, 26], and our data correlate well with the
previous studies.

Meanwhile, chemo only group did not show any varia-
tion in 1200 cm−1 while rat group shows the peak variation
nearby 1200 cm−1 (protein) [24]. In addition, the two rats
showed different response from the same chemotherapeutic
agent injection. This discrepancy might come from the phys-
iological differences between the rats. The different response
is another subject that needs further investigation to seek any
possibility as the early prediction factor of chemotherapeutic
efficacy for a specific chemotherapeutic agent.

4. Conclusion

Here, we had hypothesized that breast tumor treatment
would influence neighboring tissue (here skin) varying
chemical compositions of the tissue and showed the skin
Raman spectral changes while breast cancer was treated.
The study suggests the possibility of monitoring tumor
treatment located relatively deep such as breast cancer. From
our results, we could distinguish the three groups from the
peak variations in the Raman shifts of 1000–1003 cm−1,
1125–1132 cm−1, and 1200 cm−1. To the authors’ best of
knowledge, there was no study about variations of chemical
compositions in neighboring tissue due to breast cancer
treatment; this preliminary result will require additional
validations such as comparison of the Raman spectra with
immunohistochemistry.
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