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• Chemotherapy-induced neutropenia (CIN) has prognostic value in several cancer conditions.
• Previously available data on CIN prognostic value in first line treatment of ovarian cancer are contrasting.
• In two large MITO trials we found no significant prognostic value of CIN.
• Lack of prognostic value of CIN in ovarian cancer was confirmed by meta-analyses with other published results.
• This might derive from the use of AUC rather than BSA for dosing carboplatin, a key drug in this setting.
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Background. Chemotherapy-induced neutropenia (CIN) has been associatedwith improved prognosis in sev-
eral cancer conditions. Contrasting data have been produced in ovarian cancer.
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A retrospective-prospective analysis was performed to test prognos-
tic value of severe (grades 3–4) or any grade (grade ≥ 1) CIN during
first-line carboplatin-based treatment of advanced ovarian cancer pa-
tients enrolled in theMITO-2 andMITO-7 randomized phase 3 trials. Pa-
tients who had received chemotherapy were eligible if toxicity data
were not missing. Progression-free (PFS) and overall survival (OS)
were the end-points. To avoid the time-dependent bias, a landmark at
18 weeks from randomization was applied. Multivariable Cox model
was applied for statistical analyses. Three random-effect meta-
analyses were also conducted pooling MITO data with other published
studies.

Results

Overall, 1603 out of 1630 enrolled patients were eligible. Severe CIN
was reported in 734 (45.8%) patients and any grade CIN in 1176 (73.4%).
After landmark application, 1493 (with 901 events) and 1548 (with 462
events) patientswere included in PFS andOS analysis, respectively. Nei-
ther severe (PFS hazard ratio [HR] = 0.90, 95%CI: 0.78–1.03, P = 0.13;
OS HR = 0.97, 95%CI: 0.80–1.18, P = 0.79) nor any grade CIN (PFS HR
= 0.92, 95%CI: 0.78–1.09, P = 0.34; OS HR= 1.12, 95%CI: 0.90–1.42, P
= 0.33) were significantly predictive of prognosis. Meta-analyses with
other published data confirmed no prognostic value of severe and any
grade CIN.

Conclusion

The present analysis of two large MITO trials, combined with other
available evidence, shows that CIN (severe or any grade) has no signif-
icant prognostic role for advanced ovarian cancer patients receiving
first-line carboplatin-based chemotherapy.

1. Introduction

Chemotherapy-induced neutropenia (CIN) has been associatedwith
longer survival in several cancer conditions [1–5]. The mechanistic hy-
pothesis underlying this effect is that CIN could represent a biomarker
of effective dosing of anticancer drugs.

Contrasting data have been produced in ovarian cancer, where che-
motherapywith carboplatin and paclitaxel remains the backbone treat-
ment for the large majority of patients, even in the era of
antiangiogenetic and target-based drugs [6–10]. Among three studies
performed in first-line treatment, two found a prognostic value of CIN
in ovarian cancer [6,10]. Carus et al. reported that any grade neutropenia
was associatedwith longer overall survival (56monthsmedian survival
compared to 23months median survival of those without neutropenia)
in a series of 118 ovarian cancer patients receiving carboplatin-based
chemotherapy [6]. Tewari et al., in a post-hoc exploratory analysis of
the Gynecologic Oncology Group (GOG) protocol 182 found that
among 3447 eligible patients those suffering severe (grade 3 or higher)
neutropenia had a longer survivalwith a 0.86 hazard ratio (HR) of death
(95% CI 0.74 to 0.99) as compared to those having no or mild neutrope-
nia [10]. On the contrary, in a series of 179 patients receiving carboplatin
plus paclitaxel, noprognostic value of severe CINwas foundby Kimet al.
[7]
Using the data prospectively collected within two large randomized
clinical trials performed by theMITO (Multicentre Italian Trials in Ovar-
ian cancer) group, namely the MITO2 and MITO7, we planned a post-
hoc pooled analysis to test whether the occurrence of neutropenia dur-
ingfirst-line chemotherapywas a significant prognostic factors for ovar-
ian cancer patients.

2. Methods

A retrospective-prospective study design [11] was applied to two
phase 3 randomized MITO trials (MITO2 and MITO7), that involved
ovarian cancer patients, whose primary analyses have already been
published [12,13]. Briefly, MITO2 compared an experimental doublet
(carboplatin plus liposomal doxorubicin [PLD]) to the standard
carboplatin plus paclitaxel regimen, enrolled 820patients (from January
2003 to November 2007), and no statistically significant difference was
found between the two arms in terms of progression-free survival
(PFS), overall survival (OS), response rate and quality of life [12].
MITO7 compared an experimental weekly schedule of carboplatin plus
paclitaxel to the standard every 3weeks schedule of the same drugs, en-
rolled 810 patients (between November 2008 andMarch 2012), and no
statistically significant difference was found between the two arms in
terms of PFS and OS, although quality of life tended to be better with
the weekly schedule [13].

The two trials shared many features: both were randomized trials,
performed in the same population of advanced ovarian cancer patients
undergoing first-line chemotherapy; the same standard arm was pres-
ent in both studies and the planned treatment duration was the same
in both trials; in both trials carboplatin was dosed according to Calvert's
formula where creatinine clearance was approximated to eGFR using
the Cockroft-Gault formula; neither capping nor adjustment for ideal
body weight was planned; management of neutropenia followed the
same rules in the two studies, with no use of prophylactic GCSF and
20% dose reduction of all drugs at the next cycle in case of neutrophil
count b500/L; methods for toxicity data collection and follow-up rules
were very similar in both trials andweremanaged at the same trial cen-
tre (Clinical Trial Unit of the National Cancer Institute of Napoli, Italy);
carboplatin was always dosed in terms of AUC while the companion
drugs (either paclitaxel or PLD) were dosed as mg/m2; no significant
difference in time-to-event analyses (PFS and OS) was found in either
trial.

Neutropenia was codified according to the National Cancer Institute
Common Toxicity Criteria (NCI-CTC) version 2.0 in MITO2, and the
Common Terminology Criteria for Adverse Events (CTCAE) version 3.0,
in MITO7. However, definition of neutropenia grades does not change
between the two scales: grade 1 if absolute neutrophil count [ANC]
b 2000/mm3, grade 2 if ANC b 1500/mm3, grade 3 if ANC b 1000/mm3,
and grade 4 if ANC b 500/mm3. For the present study, chemotherapy-
induced neutropenia (CIN) was defined as theworst grade of neutrope-
nia suffered by each patient during study treatment. CIN was then de-
fined as severe (grades 3–4) or any grade (grade ≥ 1).

Relative dose intensity of treatment was calculated for each patient
by a) dividing the sum of delivered doses over the entire treatment
(measured as AUC for carboplatin and as mg/m2 for paclitaxel and
PLD) of each drug by the time from beginning of treatment to the end
of the last cycle, b) calculating the ratio between delivered and planned
dose intensity for each drug, and c) calculating the mean of the relative



Table 1
Patients characteristics in the whole eligible, PFS landmark and OS landmark populations.

Whole eligible
population
(N = 1603)

PFS landmark
population
(N = 1493)

OS landmark
population
(N = 1548)

Age, median (IQR) 58.9 (50.7–66.6) 58.8
(50.5–66.2)

58.8
(50.6–66.3)

Body surface area, median
(IQR)

1.60 (1.52–1.72) 1.60
(1.52–1.72)

1.60
(1.52–1.72)

Performance status, n (%)
0–1 1556 (97.1%) 1453 (97.3%) 1508 (97.4%)
2 47 (2.9%) 40 (2.7%) 40 (2.6%)

FIGO stage, n (%)
I–II 1232 (76.9%) 1168 (78.2%) 1202 (77.6%)
III–IV 371 (23.1%) 325 (21.8%) 346 (22.4%)

Histology, n (%)
Serous 1086 (67.7%) 1020 (68.3%) 1054 (68.1%)
Clear cell/mucinous 111 (6.9%) 95 (6.4%) 103 (6.7%)
Other 366 (22.8%) 348 (23.3%) 357 (23.1%)
Missing 40 (2.5%) 30 (2.0%) 34 (2.2%)

Residual disease, n (%)
None 621 (38.7%) 605 (40.5%) 613 (39.6%)
≤1 cm 243 (15.2%) 231 (15.5%) 238 (15.4%)
N1 cm 406 (25.3%) 370 (24.8%) 393 (25.4%)
Not operated 333 (20.8%) 287 (19.2%) 304 (19.6%)

Treatment, n (%)
Carboplatin-paclitaxel 803 (50.1%) 754 (50.5%) 777 (50.2%)
Carboplatin-PLD 400 (25.0%) 368 (24.6%) 389 (25.1%)
Carboplatin-paclitaxel
weekly

400 (25.0%) 371 (24.8%) 382 (24.7%)

Chemotherapy cycles, n
(%)
b6 217 (13.5%) 116 (7.8%) 163 (10.5%)
6 1386 (86.5%) 1377 (92.2%) 1385 (89.5%)

Relative dose intensity,
median (IQR)

0.85 (0.72–0.94) 0.84
(0.72–0.93)

0.85
(0.72–0.93)

Worst grade of
neutropenia, n (%)
0 427 (26.6) 370 (24.8) 395 (25.5)
1 139 (8.7) 124 (8.31) 133 (8.59)
2 303 (18.9) 290 (19.4) 295 (19.1)
3 483 (30.1) 469 (31.4) 476 (30.8)
4 251 (15.7) 240 (16.1) 249 (16.1)
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dose-intensity of the two drugs in each doublet; therefore, for each pa-
tient a single relative dose-intensity value is reported representing the
percentage of planned treatment that was actually delivered over the
time.

2.1. Statistical methods

Characteristics of the patient population were described overall and
according to CIN grades (0, 1–2, 3–4). The association between categor-
ical variables and CIN gradeswere tested by Pearson Chi Square; ANOVA
was applied for continuous variables. All statistical tests were two tailed
and P values of b0.05 were considered as significant.

The risk of developing neutropenia typically increases over the time
during treatment, and a time-dependent bias may arise, since patients
who develop neutropenia must have survived until the moment they
developed neutropenia [14]. To counteract this bias, we applied the
landmark strategy, where patients censored or having an event before
the predefined landmark time were excluded from the analysis. A
threshold of 18 weeks from study entry was defined to cover the entire
planned treatment period; although theoretically it was possible that
some patients could be still on treatment at 18weeks, because of delays
of chemotherapy administration, no patient worsened her CIN category
after the landmark time. The same methodology had been applied by
Tewari et al. [10]

We used both PFS and OS as study endpoints. PFSwas defined as the
time from randomization to the date of the first disease progression or
death without progression, whichever occurred first. OS was defined
as the time from randomization to the date of death. For both end-
points, patients not reaching an event were censored at the date of
last information on their vital status.

Two main analyses were performed. The first one evaluated the
prognostic role of severe (grades 3–4) CIN vs non severe (grades 0–2)
CIN, while the second one assessed the role of any grade CIN (grades
1–4) vs absence of CIN (grade 0).

All statistical analyses were stratified by treatment arm (standard
carboplatin plus paclitaxel, carboplatin plus PLD, weekly carboplatin
plus paclitaxel), number of cycles of chemotherapy (6, b6) and size of
participating centre (according to tertiles of the distribution of centres
ordered by the number of enrolled patients).

PFS and OS curves were estimated using the Kaplan–Meier method
and compared with a stratified Log Rank test. Stratified multivariable
Cox models were used to estimate hazard ratios (HR) and 95% confi-
dence intervals (95% CI), including age (continuous), body surface
area (continuous), ECOG performance status (0–1, 2), stage (I–II, III,
IV) and residual disease after initial surgery (none, ≤1 cm, N1 cm, not op-
erated) as other covariates.

Prognostic value of severe and any grade CINwas also described sep-
arately in the three treatment arms, in forest plots reporting the HR of
PFS and OS derived from multivariable Cox models; first-order interac-
tions between CIN and treatment arm were tested with the likelihood-
ratio test of two nested models, with and without interaction.

Finally, to allow interpretation of our findings in the context of other
relevant evidence we performed three random effect meta-analyses
combining the data of published first-line treatment trials [6,7,10].

Statistical analyses were performed using Stata/MP for Windows
(version 14.2).

3. Results

A total of 1630 patients were pooled from the MITO2 (820) and
MITO7 (810) trials. Out of them, 1603 patients were eligible for the
present study, excluding 16 patients who did never receive chemother-
apy and 11whose toxicity dataweremissing. Further 110 patients were
excluded because they were censored or progressed before 18 week
leading to 1493 patients being included in the PFS landmark population.
Conversely 1548 patients were included in theOS landmark population,
because 55 were censored or died before 18 weeks (Fig. S1 online).

In the whole eligible population, the median age was 58.9 years.
Overall, 97.1% of the patients had a performance status of 0–1, 76.9% a
FIGO stage I or II, 67.7% a serous histology, and 61.3% had been
suboptimally debulked at initial surgery. Moreover, 86.5% of the patients
had received the planned number of 6 cycles of treatment and the me-
dian relative dose intensity of treatmentwas 0.85. Therewere no evident
differences in patients' characteristics among the whole eligible, PFS
landmark and OS landmark populations, but for number of cycles, as ex-
pected. Grades 3–4 neutropenia was reported in 45.8%, 47.5% and 46.9%
of the patients in the three study populations, respectively (Table 1).

In the whole patient population CIN occurred more frequently
among women treated with carboplatin plus PLD and among those re-
ceiving 6 rather than b6 cycles of chemotherapy. A mild inverse associ-
ationwas also foundwith BSA. Relative dose intensity decreased among
patients experiencing neutropenia, as a consequence of dose reductions
and treatment delays planned in case of toxicity (Table S1 online). Sim-
ilar findings were found in the PFS and OS landmark populations
(Tables S2 and S3 online).

Overall, 901/1493 patients (60.3%) had a PFS event in the PFS land-
mark population, with a median PFS of 15.5 months (95% CI:
14.0–17.1) and 462/1548 patients (29.8%) died in the OS landmark pop-
ulation, with a median OS of 57.5 months (95% CI: 46.4–77.8).

Median PFS was 14.7 months versus 15.9 months for patients with
CIN grades 0–2 versus those with CIN grades 3–4 (Fig. 1a), and the HR
of PFS for the latter group was 0.90 (95% CI: 0.78–1.03), with a P-value
of 0.13, in the multivariable model (Table 2, left side). Median OS was
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57.5months versus 55.3months for patientswith CINgrades 0–2 versus
thosewith CIN grades 3–4 (Fig. 1b), and theHR of OS for the latter group
was 0.97 (95% CI: 0.80–1.18),with a P-value of 0.79, in themultivariable
model (Table 2, right side).
Table 2
Multivariable analysis⁎ with severe neutropenia.

PFS
(901 events/1493
patients)

OS
(462 events/1548
patients)

HR (95% CI) P HR (95% CI) P

Worst grade of
neutropenia

0.13 0.79

Grade 0–2 1.00 Reference 1.00 Reference
Grade 3–4 0.90 (0.78–1.03) 0.97 (0.80–1.18)

Age (continuous) 1.01 (1.01–1.02) b0.001 1.01 (1.00–1.02) 0.03
Body surface area
(continuous)

0.84 (0.54–1.31) 0.45 0.92 (0.50–1.70) 0.80

Performance status 0.88 0.34
0–1 1.00 Reference 1.00 Reference
2 1.03 (0.70–1.52) 1.28 (0.77–2.12)

FIGO stage b0.001 b0.001
I–II 1.00 Reference 1.00 Reference
III 2.70 (2.03–3.60) 2.57 (1.58–4.18)
IV 3.85 (2.81–5.26) 4.26 (2.55–7.10)

Residual disease b0.001 b0.001
None 1.00 Reference 1.00 Reference
≤1 cm 1.96 (1.58–2.44) 1.99 (1.42–2.80)
N1 cm 2.37 (1.95–2.88) 3.00 (2.21–4.06)
Not operated 2.82 (2.29–3.48) 3.82 (2.77–5.26)

⁎ Stratified by size of centre, treatment arm and number of cycles.
Median PFS was 15.2 months versus 15.6 months for patients with-
out CIN (grade 0) versus thosewith grade ≥ 1 CIN (Fig. 2a), and theHRof
PFS for the latter group was 0.92 (95% CI: 0.78–1.09), with a P-value of
0.34, in the multivariable model (Table 3, left side). Median OS was
57.5months versus 74.0months for patientswithout CIN (grade 0) ver-
sus those with grade ≥ 1 CIN (Fig. 2b), and the HR of OS for the latter
group was 1.12 (95% CI: 0.90–1.42) with a P-value of 0.33, in the multi-
variable model (Table 3, right side).

Description of prognostic value of CIN according to treatment arm is
reported in Fig. S2 online. There was a significant interaction (P =
0.046) in the analysis of severe CIN effect on PFS, where prognostic ef-
fect was visible in the group of patients treatedwith weekly carboplatin
plus paclitaxel (the experimental arm of the MITO7 trial) but not in the
other treatment arms.

The pooled prognostic effect of severe and any grade CIN, estimated
by the random effectmeta-analysismodel including data available from
the other published trials is described in Fig. 3. No one of these meta-
analyses produced significant results. With severe CIN, PFS HR was
0.94 (95%CI 0.81–1.08) and OS HR was 0.93 (95% CI 0.80–1.08). For
any grade CIN, only OS data were available for pooling and the OS HR
was 0.85 (95% CI 0.46–1.58) with a significant heterogeneity between
the two pooled studies.

4. Discussion

In this study we did not find a statistically significant prognostic role
of having developed CIN on PFS and OS in ovarian cancer women, par-
ticipating to two large randomized MITO clinical trials, who survived
0.00

0.25

0.50

0.75

1.00

S
Ofo

ytilibaborP

1153 891 485 233 108 30 6 0Any Grade:
395 275 157 65 26 5 1 0Grade 0:

At risk

0 12 24 36 48 60 72 84
Months

Grade 0
Any Grade 

b

1123 593 280 139 71 16 3 0Any Grade:
370 180 94 37 17 3 0 0Grade 0:

At risk

0 12 24 36 48 60 72 84
Months

Fig. 2. Progression-free (a) and overall survival (b) Kaplan-Meier curves according to
occurrence of any grade CIN. Vertical lines represent censoring.



Table 3
Multivariable analysis⁎ with any grade CIN.

PFS
(901 events/1493
patients)

OS
(462 events/1548
patients)

HR (95% CI) P HR (95% CI) P

Worst grade of
neutropenia

0.34 0.33

Grade 0 1.00 Reference 1.00 Reference
Any grade 0.92 (0.78–1.09) 1.12 (0.90–1.42)

Age (continuous) 1.01 (1.01–1.02) b0.001 1.01 (1.00–1.02) 0.03
Body surface area
(continuous)

0.84 (0.54–1.31) 0.45 0.95 (0.52–1.76) 0.88

Performance status 0.83 0.36
0–1 1.00 Reference 1.00 Reference
2 1.04 (0.71–1.54) 1.27 (0.76–2.11)

FIGO stage b0.001 b0.001
I–II 1.00 Reference 1.00 Reference
III 2.68 (2.02–3.57) 2.55 (1.57–4.16)
IV 3.82 (2.79–5.23) 4.21 (2.53–7.02)

Residual disease b0.001 b0.001
None 1.00 Reference 1.00 Reference
≤1 cm 1.96 (1.58–2.44) 2.00 (1.42–2.81)
N1 cm 2.37 (1.95–2.88) 3.02 (2.23–4.08)
Not operated 2.82 (2.28–3.48) 3.86 (2.80–5.32)

⁎ Stratified by size of centre, treatment arm and number of cycles.
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the first 18 weeks of treatment. Results did not change when our data
were meta-analysed with findings of other published papers on first-
line treatment, leading to no prognostic value of severe or any grade
CIN [6,7,10]. Interestingly, even if CIN produced lower dose-intensity
due to protocol planned dose reductions, this did not affect the out-
come, therefore suggesting that dose-reduction following CIN is safe
and does not negatively impact on survival.

Two studies, in subsequent lines of treatment, found a significant
prognostic value of chemotherapy induced myelotoxicity. In the Ca-
lypso study, dedicated to patients with platinum-sensitive recurrent
ovarian cancer, any grade leukopenia after the first cycle was signifi-
cantly predictive of PFS among patients receiving carboplatin plus pac-
litaxel, but not among those receiving carboplatin plus PLD. [8] Being
aware of heterogeneity of the treatment arms in our analysis, we ex-
plored whether any difference in the prognostic value of CIN (either
Meta-analysis Study (year) N

PFS – severe CIN Tewari et al (2014) 3447

Kim et al (2010) 179

MITO2/7 1603

All 5229
Test of heterogeneity: I2=43.4%. P=0.17

OS– severe CIN Tewari et al (2014) 3447

Kim et al (2010) 179

MITO2/7 1603

All 5229
Test of heterogeneity: I2=29.3%. P=0.24

OS– any CIN Carus et al (2013) 118

MITO2/7 1603

All 1721
Test of heterogeneity: I2=79.6%. P=0.03

be�er
0,2 0,4 0,6 0,8

Fig. 3. Prognostic value of severe and any grade CIN in ran
severe or any grade) could be at least partially attributed to a different
behaviour in the doublets that were used in our trials. Actually our
data do not support any significant interaction between the type of dou-
blet and the prognostic value of CIN. In any case, it should be underlined
that there are many differences between the Calypso and the MITO
analysis, in terms of line of treatment (second vs first), type of
myelotoxicity (leucopenia vs neutropenia) and timing of its evaluation
(first cycle only vs the whole 6 cycles treatment course). Finally, in a
smaller study including patients with several lines of treatment, severe
CIN was predictive of both PFS and OS [9].

The prognostic value of myelosuppression (leukopenia or neutrope-
nia) seems much more relevant in other clinical settings. A meta-
analysis published in 2011 pooled 13 studies accounting for 9528 pa-
tients receiving first-line or adjuvant/neoadjuvant treatment for several
cancer types, breast, NSCLC, Hodgkin, gastric, cervical, esophageal, colo-
rectal and ovarian [4]. The OS HR found for patients with severe leuko-
penia/neutropenia was 0.69 (95% CI 0.64–0.75) with no significant
heterogeneity among the different studies; the result of this meta-
analysis did not significantly vary according to the treatment setting
(type of cancer and stage of disease), the use of neutropenia or leukope-
nia as explanatory variable, the statistical methods applied (landmark
analysis or not), and the quality of the report. However, this meta-
analysis included only one small trial in ovarian cancer [7]. In addition,
a prospective trial testing whether the intrapatient dose escalation of
carboplatin based on neutrophils and platelets countwasmore effective
than fixed-dose treatment yielded negative results, with no benefit and
more toxicity in the experimental arm [15]. Similar negative results
were found in a randomized trial in small-cell lung cancer [16].

Among the explanations suggested for the significant prognostic
role of CIN in several clinical settings, a simple one is that absence of
myelotoxicity is the effect of underdosing in individual patients, pro-
ducing worse outcome [2,4]. Therefore, lack of prognostic value of CIN
in ovarian cancer might be explained by the fact that AUC dosing of
carboplatin, the cornerstone of chemotherapy in this disease, prevents
underdosing more than dosing strategies based on body surface area
(BSA). BSAwas introduced as amethod to allow extrapolation of dosing
from rodents to human in order to define initial dose of phase 1 trials
with cytotoxic drugs, at the beginning of the era of chemotherapy;
but, thereafter, it became the method commonly used for dosing cyto-
toxic drugs in clinical practice, even without a solid scientific basis
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[17]. It is recognised, indeed, that BSA is inaccurate because it does not
account for drug metabolism and clearance from major organs; hence,
it is likely that underdosing occur in a significant proportion of patients
in clinical practice, due to the interpatient variability [18]. It is conceiv-
able that in the case of ovarian cancer, where the cornerstone drug is
dosed according to AUC, accounting for individual variability in
metabolism and clearance, the interpatient variability of drug exposure
may be reduced. In addition, underdosing may cause more or less evi-
dent effects on clinical outcomes according to how large is the therapeu-
tic range for a given drug in a given disease setting. Ovarian cancer is a
quite chemosensitive disease, hence the prognostic impact of mild
underdosing may be lower or completely absent.

In conclusion, differently fromwhat has been found in the cytotoxic
treatment of other types of cancer, our analysis does not confirm that
CIN is useful as a prognostic factor for patients receiving first-line
carboplatin-based chemotherapy for ovarian cancer.
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